Long-term results of obstetric brachial plexus surgery by Kirjavainen, Mikko
 
 
 
 
1 
Hospital for Children and Adolescents, Department of Surgery 
and 
Department of Orthopaedics and Traumatology 
 
Helsinki University Central Hospital 
University of Helsinki 
Finland 
 
 
 
 
 
Long-term results of obstetric brachial plexus surgery 
 
Mikko Kirjavainen  
 
 
 
 
 
 
 
 
 
 
ACADEMIC DISSERTATION 
 
To be presented, with the permission of the Faculty of Medicine of the University of 
Helsinki, for public examination  
in lecture room 2 at Haartman Institute, Haartmaninkatu 3 
on 21st May 2010, at noon. 
 
Helsinki 2010 
 
 
 
 
 
 
 
 
 
2 
Supervised by:          Yrjänä Nietosvaara, MD, PhD, senior lecturer. 
Hospital for Children and Adolescents, 
Helsinki University Central Hospital 
    
      and 
 
 Jari Peltonen, MD, PhD, senior lecturer. 
Hospital for Children and Adolescents,  
Helsinki University Central Hospital. 
 
 
   
Reviewed by:  Willy Serlo, MD, PhD, professor. 
Departments of Children and Adolescents and 
Surgery 
University of Oulu 
and 
 
    Kari Vanamo, MD, PhD, senior lecturer. 
University of Kuopio 
 
 
 
Opponent:   Jorma Ryhänen, MD, PhD, senior lecturer. 
University of Oulu 
 
 
 
ISBN 978-952-92-7115-3 (pbk.) 
ISBN 978-952-10-6192-9 (PDF) 
 
Helsinki University Print 
Helsinki 2010 
 
 
 
 
3 
 
 
 
 
 
 
 
To Anna, Emma and Tuomas 
 
 
 
 
4 
Contents  
 
Abbreviations        6 
 
Abstract         7 
 
1. Review of literature       10 
1.1  Early history of brachial plexus birth palsy   10 
1.2  Anatomy and physiology     11 
1.3  Epidemiology       12 
1.4  Aetiology       13 
1.5  Diagnosis       14 
1.6  Pathophysiology and natural history    16 
1.7  Treatment and results      18 
1.7.1 Indication and results of obstetric   18 
brachial plexus surgery 
1.7.2 Pathophysiology and treatment of late  23 
sequelae after brachial plexus birth palsy 
 
2 Aims of the study        27 
 
3 Patients and methods       28 
 
3.1  Patients       28 
3.2  Physical examinations     29 
3.2.1 Shoulder     31 
3.2.2 Elbow      32 
3.2.3 Hand      32 
3.2.4 Lower limbs and spine   35 
3.3  Patients’ assessments and activities of daily living  36 
3.4  Statistical methods      36 
 
4 Results of the study       39 
 
4.1  Shoulder       41 
4.1.1  General status and functional scores  41 
4.1.2  Range of motion    41 
4.1.3  Strength     45 
4.1.4  Radiographs     46 
4.2  Elbow        47 
4.2.1 General status and functional score  47 
4.2.2  Range of motion    47 
4.2.3  Strength     49 
4.2.4  Radiographs     50 
 
 
 
 
5 
4.3  Hand        50 
  4.3.1  Functional score    50 
  4.3.2  Range of motion    50 
  4.3.3  Strength     51 
  4.3.4  Sensory function    53 
  4.3.5  Stereognosis     55 
 
4.4  Lower limbs and spine     55 
  4.4.1  Lower limbs     55 
  4.4.2 Spine      56 
 
4.5  Patients’ assessments and activities of daily living  56 
 
4.6  Statistical analyses      58 
4.6.1 Predictors of upper extremity    58 
functional scores 
4.6.2 Predictors of hand function   59 
4.6.3 Predictors of upper extremity ROM   60 
and strength measurements 
4.6.4 Predictors of lower limbs and   61 
spinal status and patients’ assessment 
 
 
5 Discussion         63 
5.1  Shoulder       64 
5.2  Elbow        67 
5.3  Hand        68 
5.4  Lower limbs and spine     71 
5.5  Patients’ assessments and activities of daily living  72 
5.6  Effect of the plexus surgery     74 
5.7  Possible future developments    76 
 
6 Conclusions        77 
 
7 Summary in Finnish       79 
 
8 Acknowledgements       82 
 
9 References        84 
 
10 Original publications       94  
 
 
 
 
6 
Abbreviations 
 
ADL  Activities of Daily Living 
AP  Anteroposterior 
BPBP  Brachial Plexus Birth Palsy 
CI  Confidence Interval 
CT   Computer Tomography 
EMG  Electromyography 
HDR  Hospital Discharge Register 
MBR  Medical Birth Register 
MRI   Magnetic Resonance Imaging 
OR  Odds Ratio 
PA  Posteroanterior 
ROM  Range of Motion 
rs  Spearman's correlation coefficient 
STAKES  National Research and Development Center of Welfare and Health 
S-W  Semmes-Weinstein  
SWM  Semmes-Weinstein Monofilament 
VAS  Visual Analogue Scale 
 
 
 
 
7 
Abstract  
 
Background: Brachial plexus birth palsy (BPBP) most often occurs as a result of foetal-
maternal disproportion. The C5 and C6 nerve roots of the brachial plexus are most frequently 
affected. In contrast, roots from the C7 to Th1 that result in total injury together with C5 and 
C6 injury, are affected in fewer than half of the patients. BPBP was first described by Smellie 
in 1764. Erb published his classical description of the injury in 1874 and his name became 
linked with the paralysis that is associated with upper root injury. Since then, early results of 
brachial plexus surgery have been reasonably well documented. However, from a clinical point 
of view not all primary results are maintained and there is also a need for later follow-up 
results. In addition most of the studies that are published emanate from highly specialized 
clinics and no nation wide epidemiological reports are available. One of the plexus injuries is 
the avulsion type, in which the nerve root or roots are ruptured at the neural cord. It has been 
speculated whether this might cause injury to the whole neural system or whether shoulder 
asymmetry and upper limb inequality results in postural deformities of the spine. Alternatively, 
avulsion could manifest as other signs and symptoms of the whole musculoskeletal system. In 
addition, there is no available information covering activities of daily living after obstetric 
brachial plexus surgery. 
 
Patients and methods: This was a population-based cross-sectional study on all patients who 
had undergone brachial plexus surgery with at least 5 years of follow-up. An incidence of 
3.05/1000 for BPBP was obtained from the registers for this study period. A total of 1706 
BPBP patients needing hospital treatment out of 1 717 057 newborns were registered in 
Finland between 1971 and 1997 inclusive. Of these BPBP patients, 124 (7.3%) underwent 
brachial plexus surgery at a mean age of 2.8 months (range: 0.4―13.2 months). Surgery was 
most often performed by direct neuroraphy after neuroma resection (53%). Depending on the 
phase of the study, 105 to 112 patients (85-90%) participated in a clinical and radiological 
follow-up assessment. The mean follow up time exceeded 13 years (range: 5.0―31.5 years). 
Functional status of the upper extremity was evaluated using Mallet, Gilbert and Raimondi 
scales. Isometric strength of the upper limb, sensation of the hand and stereognosis were 
evaluated for both the affected and unaffected sides then the differences and their ratios were 
 
 
 
 
8 
calculated and recorded. In addition to the upper extremity, assessment of the spine and lower 
extremities were performed. Activities of daily living (ADL), participation in normal physical 
activities, and the use of physiotherapy and occupational therapy were recorded in a 
questionnaire.  
 
Results: The unaffected limb functioned as the dominant hand in all, except four patients. 
The mean length of the affected upper limb was 6 cm (range: 1-13.5 cm) shorter in 106 
(95%) patients. Shoulder function was recorded as a mean Mallet score of 3 (range: 2―4) 
which was moderate. Both elbow function and hand function were good. The mean 
Gilbert elbow scale value was 3 (range: -1―5) and the mean Raimondi hand scale was 4 
(range:1―5). One-third of the patients experienced pain in the affected limb including all 
those patients (n=9) who had clavicular non-union resulting from surgery. A total of 61 
patients (57%) had an active shoulder external rotation of less than 0° and an active elbow 
extension deficiency was noted in 82 patients (77%) giving a mean of 26° (range: 
5°―80°). In all, expect two patients, shoulder external rotation strength at a mean ratio 
35% (range: 0―83%) and in all patients elbow flexion strength at a mean ratio of 41% 
(range: 0―79%) were impaired compared to the unaffected side. According to 
radiographs, incongruence of the glenohumeral joint was noted in 15 (16%) patients, 
whereas incongruence of the radiohumeral joint was found in 20 (21%) patients. Fine 
sensation was normal for 34/49 (69%) patients with C5-6 injury, for 15/31 (48%) with C5-
7 and for only 8/25 (32%) of patients with total injury. Loss of protective sensation or 
absent sensation was noted in some palmar areas of the hand for 12/105 patients (11%). 
Normal stereognosis was recorded for 88/105 patients (84%). No significant inequalities 
in leg length were found and the incidence of structural scoliosis (1.7%) did not differ 
from that of the reference population. Nearly half of the patients (43%) had asynchronous 
motion of the upper limbs during gait, which was associated with impaired upper limb 
function. Data obtained from the completed questionnaires indicated that two thirds (63%) 
of the patients were satisfied with the functional outcome of the affected hand although 
one third of all patients needed help with ADL. Only a few patients were unable to 
participate in physical activities such as: bicycling, cross-country skiing or swimming. 
However, 71% of the patients reported problems related to the affected upper limb, such 
as muscle weakness and/or joint stiffness during the aforementioned activities. Incongruity 
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of the radiohumeral joints, extent of the injury, avulsion type injury, age less than three 
months of age at the time of plexus surgery and inexperience of the surgeon was related to 
poor results as determined by multivariate analyses. 
 
Conclusions: Most of the patients had persistent sequelae, especially of shoulder function. 
Almost all measurements for the total injury group were poorer compared with those of 
the C5-6 type injury group. Most of the patients had asymmetry of the shoulder region and 
a shorter affected upper limb, which is a probable reason for having an abnormal gait. 
However, BPBP did not have an effect on normal growth of the lower extremities or the 
spine. Although, participation in physical activities was similar to that of the normal 
population, two-thirds of the patients reported problems. One-third of the patients needed 
help with ADL. During the period covered by this study, 7.3% BPBP of patients that 
needed hospital treatment had a brachial plexus operation, which amounts to fewer than 10 
operations per year in Finland. It seems that better results of obstetric plexus surgery and 
more careful follow-up including opportunities for late reconstructive procedures will be 
expected, if the treatment is solely concentrated on by a few specialised teams. 
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1. Review of literature  
 
1.1 Early history of Brachial Plexus birth palsy 
 
Brachial Plexus birth palsy (BPBP) was probably first described in 1779 by Smellie who 
cited a case of bilateral arm paralysis at birth that rapidly resolved within a few days 
(Smellie 1779). Danyau reported the post-mortem findings of an infant born with BPBP 
who had blood within the plexus, though the nerve roots were not ruptured (Danyau 
1851). In 1872 Duchenne published four cases and gave a typical clinical picture of the 
newborn child with upper plexus injury. He also attributed the injury to traction of the 
affected arm. (Duchenne 1872). Flaubert presented an adult patient with total paralysis as 
early as in 1827 (Clark et al. 1905). However, it was Erb who was the first to describe 
typical upper root palsy in 1874. He convincingly did this by localising the lesion at the 
junction of the C5 and C6 root by (Erb’s point) using electrical stimulation of the brachial 
plexus (Erb 1874). After reporting an adult patient with traumatic neuritis of part of the 
brachial plexus, he noted that this injury was not uncommonly observed in newborns. In a 
postscript to this description he acknowledged Duchenne’s prior report. However, Erb 
cited one of his own cases of plexus surgery, which he recognised to be related to pressure 
upon the plexus during version and extraction. Thus the eponym ‘Erb-Duchenne paralysis’ 
has been linked to this condition. Ten years after Erb’s study, Klumpke described the 
paralysis of the lower nerve roots and emphasized the involvement of the sympathetic 
fibers in this paralysis (Horner’s syndrome = miosis, anhidrosis, enophthalmos and ptosis) 
(Klumpke 1885). Klumpke later married Dejerine, and therefore the lower plexus palsy is 
sometimes called Dejerine-Klumpke paralysis. Historically one of the most famous 
examples of the obstetric associated palsy was that of Kaiser Wilhelm II, the grandson of 
Queen Victoria, whose breech presentation was complicated by BPBP. It has been said 
that Kaiser Wilhelm II’s aggressive militarism, which was one reason for World War I, 
was a compensation for his own withered left arm. Viewed in this context, a single, rather 
dramatic case of BPBP can be said to have cost society millions of lives (Clark et al. 
1905, Rust 2000).  
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1.2 Anatomy and physiology 
 
 
 Figure 1. Anatomy of plexus brachialis. 
 
The Brachial plexus is a structure of nerve divisions and unions that originate in the spinal 
cord. It innervates muscles of the upper limbs and consists of five nerve roots. The 
brachial plexus receives contributions from the five spinal roots C5, C6, C7, C8 and T1. In 
the neck, the brachial plexus lies between the anterior and medial scalene muscles and 
deep under the sternocleidomastoid muscle. It emerges from below the 
sternocleidomastoid to form three trunks above the clavicle. These three trunks 
specifically originate: in C5 and C6 to form the superior trunk, in C7 to form the middle 
trunk and C8 and T1 the inferior trunk. Beneath the clavicle the trunks branch distally 
among the lateral, posterior and medial cords. These, in turn, are further divided to form 
the following nerves: musculocutaneus, axillary, radial, median and ulnar (Figure 1). 
There is some overlapping of sensory and motor functions due to the complicated 
structure of the brachial plexus. In general, C5 and C6 control the shoulder and elbow 
regions, C7 the forearm and hand and C8 and T1 are also associated with nerve mediated 
hand function. 
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1.3 Epidemiology 
 
The incidence of BPBP has been reported to vary from 0.38 to 4.6 per 1000 newborns in 
previous studies. Adler and Patterson found a decreasing incidence in newborns in New 
York between the years 1938 (1.56 per 1000) to 1962 (0.38 per 1000) (Adler and 
Patterson 1967). They attributed this change to improved obstetrical care. An incidence of 
0.61 out of 1000, excluding transient palsies, was found by Bennet and Harrold in London 
(Bennet and Harrold 1976). Of their 24 patients all, except five, had complicated 
deliveries with overweight babies (mean 4.2 kg) predominating. Hardy reported an 
incidence of 0.87 out of 1000 in Auckland, New Zealand (Hardy 1981). He found that 36 
babies sustained birth injuries of the brachial plexus between 1969 and 1978. Nearly 80% 
of these children had recovered completely by the age of 13 months, whereas none of 
those with significant residual defects had severe sensory or motor deficits of the hand. 
Sjöberg et al. reported 48 patients with BPBP out of 25 736 live births in Malmö, Sweden 
over a 10-year period, which gave an incidence of 1.9 out of 1000 (Sjöberg et al. 1988). 
Jackson et al. reported a series of 21 patients having BPBP between 1983 and 1986 
(Jackson et al. 1988). The incidence of this group was 2.5 out of 1000. A total of 15 
patients had full recovery at an average age of three months. According to thesis by 
Alanen, incidence in the area of Turku University in Finland was 1.8 per 1000 live birth 
(Alanen 1989). Another Finnish group presented a prospective case-control study to 
estimate the incidence of clavicular fracture and brachial plexus palsy (Walle et al. 1993). 
Clavicular fracture occurred in 32 out of 1000 and BPBP in 2 out of 1000 patients. High 
pregnancy weight and maternal body mass index increased the risk significantly. 
According to more recent studies (Galbraith 1994, Bhat et al. 1995, Donnelly et al. 2002, 
Evans-Jones et al. 2003), the reported incidence of BPBP varied between 0.4 and 1.5 per 
1000 live births. The highest incidence was reported by Hoeksma et al. from Amsterdam, 
Holland (Heoksma et al. 2000). They published a series of 62 patients with BPBP between 
the years 1988 and 1997 (13 366 live births) giving an incidence of 4.6 per 1000 live 
births. Complete neurological recovery occurred in 72.6% of those cases. All these reports 
are retrospective and often based on national registers. Moreover, differences in exclusion 
criteria give rise to difficulties in comparing different studies. It has been estimated that 
BPBP results in permanent disability in roughly 15―20% of the patients (Lindell-Iwan et 
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al. 1995, Rust 2000, Noetzel et al. 2001).  Most recent results are presented by Pöyhiä et al. 
(Pöyhiä et al. 2010). According this prospective study the incidence was 3.1 per 1000 and 
20% of BPBP patients were considered to have permanent palsy after the 1st year of life.  
 
1.4  Aetiology 
 
Theories on the aetiology of BPBP have varied throughout history. As early as 1779, 
Smellie suggested the obstetric origin of the paralysis of the arm in children (Smellie 
1779). But not everybody accepted this theory. Poliomyelitis and toxic agents were also 
suggested. Moreover, during the 19th century some researchers pointed to the possibility of 
epiphyseodesis of the humerus, caused by congenital lues and resulting in a paralysis of 
the arm (Clark et al. 1905). Doubts about the pressure theory were raised as a result of 
observation of Horner’s syndrome together with an injury of the lower plexus. Erb 
suggested that the nerve injury resulted from what he referred to as “moderate energetic 
manipulation by the obstetrician” applied at the time of delivery (Erb 1874).  Experiments 
on cadavers revealed that lateral flexion with traction always ruptured the subscapular 
nerve first, and this was facilitated by fracture of the clavicle bone (Duval et Guillain 
1896, Metaizeau et al. 1979). Clark et al. investigated the effect of stretching the brachial 
plexus in stillborn children, and were able to demonstrate a lesion of the nerve roots that 
explained the clinical picture (Clark et al. 1905). Ten years later Sever provided support 
for this theory by demonstrating that compression (either direct or indirect from 
instruments) or traction can cause BPBP (Sever 1916). Some authors proposed that 
infective or ischaemic causes might also cause this condition (Ombredanne 1932). Even as 
recently as 1992 a proposal was made that there are two populations of BPBP: the first 
being BPBP caused during delivery and 2. BPBP caused during intrauterine life (Jennett 
et al. 1992). However, this theory did not receive wide acceptance (Slooff et Ubachs 
1993). Despite the debate in the past about the aetiology of BPBP (Taylor 1920, Gherman 
et al. 1997 and 1998), a traumatic origin during delivery because of foetal-maternal 
disproportion and shoulder dystocia is generally accepted. Nonetheless, a single case of 
BPBP after delivery by cesarean section has also been described in the literature 
(Gherman et al. 1997).  
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It has been known for a considerable time that for large babies, shoulder dystocia and 
breech presentation carry high risks of BPBP (Trombetta 1880, Gordon et al. 1973, 
Zancolli 1981, Tassin 1983, Soni et al. 1985, Alanen 1989, Slooff et Ubachs 1993, Walle 
et al. 1993). It has been estimated that diabetes of the mother increases the risk of shoulder 
dystocia 3- to 4-fold in macrosomic babies (Acker et al. 1985) and 50% of the babies with 
a birth weight of over 4500g have a shoulder dystocia (Teramo 1998). In addition, Rouse 
et al., reported that shoulder dystocia leads to BPBP in 26% of the babies when the birth 
weight exceeded 4500g (Rouse et al. 1996). Other generally accepted risk factors include 
high birth weight (Walle et al. 1993), assisted delivery (Laurent et Lee 1994, Ubachs et al. 
1995) and a previous child with obstetrical brachial palsy (Al-Qattan et Al-Kharfy 1996). 
Teramo suggested considering a caesarean section, when the mother has diabetes and 
when the birth weight of the baby is estimated to exceed 4500g, or when a previous 
delivery was complicated by BPBP (Teramo 1998).  
 
1.5 Diagnosis 
 
The main sign is weakness of the affected hand, whereas a differential diagnosis in early 
findings is clavicular fracture. The most common injury affects C5 and C6 nerve roots and 
causes dysfunction of the: supraspinatus/infraspinatus, deltoid, biceps, teres minor, 
brachioradialis, extensor carpi radialis and supinator muscles. The position of the affected 
upper limb lies typically adducted and internally rotated (due to unopposed action of the 
internal rotators muscles). The elbow is extended and the forearm pronated (due to 
unopposed triceps and forearm pronator action). Moreover, the wrist and fingers are flexed 
because of weak extensor muscles. This posture was first called “the policeman’s tip” but 
changed to “the waiter’s tip” position to avoid casting any aspersions on the 
incorruptibility of the police (Thage et al. 1963) (Figure 2). If the C7 root is affected, then 
the elbow may be slightly flexed. Less common is injury to the whole plexus, which may 
cause a flail arm. The least common and very rarely seen injury is pure lower plexus 
injury in which the patient has a poor hand grasp though more proximal muscles are intact 
(Severe 1916). Narakas initially classified BPBP into five groups. Subsequently these 
were classified into four groups based on the physical examinations at two to three weeks 
after birth: Group I C5-6 paralysis of shoulder and biceps, Group II C5-7 paralysis of 
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shoulder, biceps and forearm extensor, Group III C5-T1 complete paralysis of the limb 
and Group IV C5-T1 complete paralysis of the limb accompanied by Horner’s syndrome 
(Narakas 1986 and 1987). Although the initial diagnosis is quite often obvious at the time 
of birth, a 48-hour examination has been shown to be more accurate and reliable (Haerle 
1997). 
 
Figure 2. The typical posture of the patient with upper plexus injury (C5-6) (From Lindell-Iwan 
1995, with permission).  
 
Myelography and computer tomography (CT)-myelography have been the tools 
principally used for assessing rootlet avulsion (Miller et al. 1993, Burge 1997). At present, 
modern magnetic resonance imaging (MRI) is used in the diagnosis of avulsion with 
promising results (Miller et al. 1993, Barkovich 2006). The advantages of MRI are that no 
radiation is used and it is a non-invasive type of investigation, although general 
anaesthesia is often necessary for obstetric patients. Kawai (Kawai et al. 1989) compared 
all three techniques with operative findings in infants. Myelography had an 84% true-
positive rate with a 4% false-positive rate and a 12% false negative rate. The combination 
of CT scans and myelography increased the true-positive rate to 94%. MRI had a true-
positive rate similar to that found in myelo-CT studies but also allowed the extraforaminal 
evaluation of the plexus (Gilbert 2001, Barkovich 2006). Nowadays, myelography and 
CT-myeolography have been replaced by MRI in most clinics. However, MRI is still not a 
routine examination, but reserved for possible preoperative evaluations.  
 
Electromyography (EMG) is a nerve conduction measurement that determines the function 
of the motor unit and peripheral sensory fibers. In EMG small needle electrodes are 
inserted into individual muscles to examine muscle function. The morphology and 
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recruitment patterns of motor unit potentials characteristically change after nerve injury. 
Subsequent reinnervation also changes over time. Electrodiagnostic testing in babies is 
more challenging than similar studies in adults. The small size of neonates can make it 
difficult to perform routine nerve conduction studies. In addition, needle electromyografic 
studies rely heavily upon the presence or absence of spontaneous activity, which requires 
complete relaxation of the muscle that is being studied. Denervation also occurs and 
disappears earlier in newborns than in adults (Vredeveld et al. 2000). Thus EMG 
examination is done during the first weeks or months of life, if needed. It has been 
documented that a near-normal EMG can be found in infants with a severe lesion or even 
root avulsion (Van Ouwerk et al. 2000). It has also been suggested that EMG gives far too 
optimistic an evaluation compared to the actual clinical picture (Smith 1996). These 
reports notwithstanding, EMG may give a good estimation of the severity and extent of 
the injury (ibid.). 
 
1.6  Pathophysiology and natural history 
 
Injury to the brachial plexus usually involves roots or trunks. The extent of the injury in 
BPBP can be graded according to the damage sustained by the cervical nerve roots. Most 
commonly C5 and C6 nerve roots are affected (upper plexus injury) (Gilbert 1995). The 
C5-6 root avulsions are particularly frequent with breech presentation and can be bilateral 
(Geutjens et al. 1996). Nerve roots from C5 to C7 (upper + middle plexus injury) are 
affected in one third of the patients. One fourth of BPBP patients have a total injury of the 
brachial plexus, affecting nerve roots from C5 to Th1 (Sheburn et al. 1997, Bager 1997). 
The right upper limb is more often involved because of the more frequent left occipital 
anterior vertex presentation (Waters 2005). Severity of the neural injury is usually graded 
into four different levels: 1. Neuropraxia, where spontaneous recovery of neural damage is 
the rule, 2. axonotmesis where spontaneous recovery is probable, 3. rupture 
(postganglionic tear) where recovery is delayed and often incomplete and 4. avulsion 
(preganglionic tear) of the neural root and for which the prognosis is the worst (Green 
1998). Entire plexus involvement can be a combination of all these and generally involves 
a more severe injury (Gilbert 1995). The natural history of the patient is primarily 
dependent on the extent and type of the plexus injury. This injury leads to denervation and 
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weakness in certain muscle groups. This leasion is distributed commonly unequal, which 
induces muscle imbalance leading to soft tissue contractures and eventually to joint 
deformities (Fairbank 1913, Sever 1916, L’Episcopo 1934, Aitken 1952, Zancolli 1967, 
Pollock et Reed 1989, Waters et al. 1998, Hoffer et Phipps 1998, Nath et al. 2007). This 
pathophysiology is discussed more detailed in chapter 1.7.2. 
 
In general, natural history varies enormously as different authors report on different 
populations selected at different stages of recovery, using different criteria for the 
diagnosis of complete recovery. In 1903 Kennedy wrote the following: “some cases 
recover rapidly, others make partial recoveries after a lapse of a year or more, while many 
cases practically never show improvement” (Kennedy 1903). According to a report by 
Sever in the early 20th century most children recover spontaneously (Severe 1916). On the 
other hand, Wickström et al. reported complete recovery in only 12.9% of cases 
(Wickström et al. 1955). Gjørup found that a third of patients obtained a usable affected 
arm, a third considered themselves handicapped in some way and a third had a useless arm 
(Gjørup 1966). Bennet et al. reported a full recovery in 75% of patients (Bennet et 
Harrold 1976). The recovery was classified according to extent of injury as follows: for 
C5-6 injury 86% had full recovery, for C5-7 75% recovered and in total injury 50% of the 
patients fully recovered (ibid.). The natural history of BPBP patients have been reviewed 
by Michelow et al., who presented data obtained from the hospital for Sick Children in 
Toronto (Michelow et al. 1994). In their review of 63 patients with BPBP, 92% of the 
patients had spontaneous recovery within 12 months. Recently, however, there have been 
a number of reports that have been somewhat less optimistic. According Finnish data 
obtained by Lindell-Iwan et al., only half of the patients (23 out of 46 patients) recovered 
completely (Lindell-Iwan et al. 1995). Fourteen patients had moderate symptoms and nine 
patients were reported to have severe sequelae (ibid.). Eng et al. reported a series of 149 
BPBP patients with conservative treatment in Washington DC (Eng et al. 1996). In their 
study, only 4% had full recovery, 62% had mild symptoms, 19% had moderate symptoms, 
14% had moderate to severe and 1% had severe symptoms. Bager presented data from the 
Swedish Medical Birth Registry that showed that of the 52 patients with BPBP who were 
indentified, complete recovery occurred in only 49%, and severe impairment was recorded 
in 22% of patients (Bager 1997). The respective data obtained by Noetzel et al. showed 
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66% had complete recovery and 14% had severe permanent weakness at a mean of 4.4 
years follow-up (Noetzel et al. 2001). Waters compared shoulder function as defined by 
the Mallet scale in relation to biceps recovery either within the first three months or 
recovery between four and six months after birth (Waters et al. 1998). He concluded that 
infants with late recovery had significantly worse shoulder function. The latest study 
concerning natural history of BPBP patients published by Hoeksma suggested that 
complete neurological recovery occurs in 66% of the patients (Hoeksma et al. 2004). 
 
1.7  Treatment and results 
 
1.7.1 Indication and results of obstetric brachial plexus surgery 
Some BPBP patients have a temporary or transient palsy (neuropraxia) and there is hardly 
any need of treatment for such a population. Their symptoms are resolved within the first 
weeks of life. However those with permanent palsy will have disabilities needing 
treatment. The data on non-operative treatment of BPBP is scarce. Physiotherapy is 
commonly associated with preventing joint contractures and is based on the understanding 
that many upper plexus lesions recover within the few weeks of birth. Narakas observed a 
90% recovery rate in this group (Narakas 1987). On the other hand, physiotherapy has 
been used in association with operative treatment.  
 
Splinting and bracing in the “Statue of Liberty” position was at one stage popular. 
However, after treating 1100 patients Sever developed a more cautious approach because 
of the incidence of delayed recovery as a result of the splinting (Sever 1925). Over 10 
years later Milgram reported abduction contracture of the shoulder, which was perhaps 
because splinting was so frequent (Milgram 1939): a relationship which was later 
confirmed by Adler and Patterson (Adler et Patterson 1967).   
 
Obstetric brachial plexus surgery was started in the early 20th century by Kennedy 
(Kennedy 1903). He published an account of surgery in three patients (the excision of 
cicatrical tissue of the junction of the fifth and sixth nerve roots and a direct neuroraphy). 
One patient had good recovery. Wyeth and Sharpe described the procedure in a straight 
forward manner in 1917 as follows: “little if any anesthesia need be used at one month of 
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age ...it is usual to perform this operation on babies without the loss of more than 1 table-
spoonful of blood….” The operation should not require more than one hour in even the 
more extensive injuries of the plexus ….it is safer to have the mother bring the child to the 
hospital on the morning and then take it home several hours after the operation” (Sharpe 
1916). During the same year Taylor presented a series of 70 patients on brachial plexus 
with improvement in many, but also reported three deaths (two postoperative infections 
and one acute uncontrolled bleeding intra-operatively) (Taylor 1920). Not long afterwards, 
surgical intervention was abandoned, because of the mortality rates and the unpredictable 
results associated with the surgery. Thus during the 1920s and 1930s surgery fell from 
favour and a more conservative approach of splinting and physiotherapy was regarded 
more suitable, although Sever still preferred surgery in cases of upper root injury (Sever 
1925). Addler and Patterson reported difficulties in predicting recoveries of patients and 
thus recommended passive physiotherapy conducted by parent and also late secondary 
reconstructive surgery at 4 years of age if residual symptoms (restriction and weakness) 
were noted (Adler et Patterson 1967).  
 
Brachial plexus reconstruction gained more popularity with advances in microsurgery and 
perhaps especially in children’s anesthesia in the 1980s. On the same era the absence of 
biceps contraction at three months of age as a criterion for the obstetric plexus surgery was 
popularized by Tassin (Tassin 1983). However, this issue had already been covered in the 
literature in 1917 by Wyeth and Sharp (Wyeth et Sharp 1917). Tassin stated that complete 
neurological recovery was only seen in patients if some contraction of biceps and deltoid 
was noticed in the first month and normal contraction of these muscles occurred by the 
third month. A good shoulder (Mallet class IV) was not obtained unless biceps and deltoid 
contraction began by three months and was normal by five months (Tassin 1983). Gilbert 
et al. modified Tassin’s criteria due to the difficulties of testing the deltoid muscle (Gilbert 
et al. 1988). They proposed three indications for surgery: 1. Complete palsy with a flail 
arm and with Horner’s syndrome, 2. Complete C5-6 palsy without muscle contraction by 
three months and with negative EMG as a sign of root avulsion and 3. C5-6 palsy without 
any recovery of the biceps muscle at three months of age. However, other authors have 
questioned the timing of plexus repair and recommended a longer observation time 
(Clarke et Curtis 1995, Rust 2000, Strömbeck et al. 2000, Noetzel et al. 2001, Smith et al. 
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2004). Although there is ongoing debate about the timing of microsurgical intervention, 
the most common criterion used in clinical practice is the flail hand or an upper trunk 
lesion without the recovery of biceps muscle function. The first criterion is especially 
associated with avulsion injury and surgery is advocated at approximately three months of 
life to limit motor endplates loss and maximize recovery. In the latter criterion the surgery 
is performed at between three and nine months of age, depending on the centre (Waters 
2005).  
 
Encouraging results for brachial plexus surgery have been obtained in the adult population 
by Narakas (Narakas 1985) and obstetric palsy by Gilbert et al. (Gilbert et al. 1980 and 
1988) who enhanced the early operative treatment in BPBP patients. The results of 
brachial plexus reconstruction has been claimed to be superior in children compared that 
of adults. It has been speculated that this is due to shorter distances involved, stronger 
potential of regeneration and capacity of brain adaptation in children (Gilbert et al. 2006).  
In their first paper Gilbert et al. reported on 21 birth palsies emphasizing the use of nerve 
grafts to repair upper root rupture, which was introduced by Millesi et al. in 1972 (Gilbert 
et al. 1980, Millesi et al. 1972). In a later study Gilbert and others presented 178 surgical 
cases treated between the years 1977 and 1986 (Gilbert et al. 1988). For the shoulder 
region these authors found C5-6 injuries 80% of good or near-normal results as compared 
with 0% in spontaneous recovery. The corresponding values were 40% versus 0% for the 
C5-7 injury group. However, the spontaneous recoveries in patients have not been 
determined and perhaps the differences between these two groups has been questioned 
later on (Kay 1998, Waters 2005). The Finnish pioneers Solonen et al. presented good 
early results for three patients treated by nerve grafting (Solonen et al. 1981). Alanen et al. 
presented the data of a larger (n=26) Finnish study in 1988 (Alanen et al. 1990), which 
had a mean of 2.3 months at the time of operative treatment. The operation procedure data 
differed from those of previous studies: direct repair (neuroraphy, n=9) was the most 
commonly used instead of nerve grafting (n=7). These authors found that the outcome 
after neuroraphy was similar to that of nerve grafting. Six patients were reported to have 
good outcome, 17 fair and 3 poor results as evaluated against the Mallet shoulder 
classification scale. Boome and Kaye reported a consecutive series of 70 babies with 
BPBP (Boome et Kaye 1988). Twenty-two patients (31%) had showed no recovery of the 
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upper roots by three months. Moreover, either neurolysis (n=5) or sural nerve grafting 
(n=17) was performed (mean graft length of 2.5cm) at the mean age of 5.3 months. The 
extent of injury was as follows: C5-6 n=2, C5-7 n=13, total injury n=7). Only in one case 
was the lower plexus also reconstructed. In the non-operative treatment group upper 
plexus injury dominated (50%). In this group they noticed that the faster the recovery took 
place the better were the results. Ninety per cent of the patients of the non-operative group 
had full or almost full recovery in deltoid and biceps strength and only 57% in external 
rotation strength. The respective figures for the operative treatment group were 80% for 
deltoid recovery, 55% for biceps and 25% for external rotator muscle strength recovery. 
Laurent et al. reported the results for conservative treatment, neurolysis, direct repair and 
sural nerve grafting (Laurent et al. 1993). Contrary to the results reported by Alanen et al., 
the best results were achieved for nerve grafting and less marked results for neurolysis 
though only two out of 56 patients had direct repair. Capek et al. compared affected limb 
function (limb motion score) in 43 patients after neurolysis in one group (n=17) and 
resection of the neuroma and neurografting in other group (n=26) (Capek et al. 1998). 
They found that limb motion scores after neuroma resection were significantly decreased 
at six weeks, not significantly different by three months, and significantly improved by 12 
months postoperatively. In comparison to patients undergoing neurolysis only, limb 
motion scores were not significantly different at three, six and 12 months postoperatively. 
Sheburn et al. presented a series of 20 patients who had plexus surgery at the mean age of 
10.5 months (Sheburn et al. 1997). In the same study, upper plexus injury was found to be 
the most common (65%) and only two (10%) patients had the whole brachial plexus 
affected. Surgical procedures included neurolysis (n=8), nerve grafting (n=5), 
neurotization (n=2), a combination of the above (n=3) and exploration only (n=2). Ninety-
three per cent of patients had improved strength postoperatively. These authors observed a 
better outcome when the patient was younger than 6 months at the time of having the 
procedure and when nerve grafting was used. Birch et al. reported outcomes on 100 
children with good results obtained for 33% of repairs of C5, 55% repairs of C6, 24% of 
C7 and in 57% of operations on C8 and T1 (Birch et al. 2005). The median age at the time 
of operation was four months.  
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In all of these studies the mean follow-up time is generally two years with maximum of 
four years. In addition most of the procedures carried out were around the upper plexus 
area. It has been questioned whether these early results are still valid for longer periods of 
follow-up. There are three studies that had over five years of follow-up (Strömbeck et al. 
2000, Haerle et Gilbert 2004, Birch et al. 2005) and one previous study that had over 10 
years of follow-up by Strömbeck which also included some earlier data with an extended 
follow-up time (Strömbeck et al. 2007). Haerle and Gilbert presented a series of 73 
patients operated on for complete paralyses with associated root ruptures, and for 
avulsions between 1978 and 1994. During the mean 6.4-year follow-up 123 secondary 
procedures (46 shoulder, 26 hand, 25 wrist, 13 elbow, 13 forearm) were carried out. In 
their conclusion of this study, these authors emphasized early repair of the lower nerve 
roots and a tendency to a better outcome with longer follow-up period in shoulder, elbow 
and hand regions. However, their findings and conclusions may be have been biased by 
the great number of secondary procedures. Birch et al. showed a series of 100 patients 
treated operatively at mean seven months of age (Birch et al. 2005). Good results were 
obtained in 33% of repairs of C5, in 55% of C6, in 24% of C7 and in 57% of operations 
on C8 and T1. In these children the results of repairs of C5 were reduced by a mean of 0.8 
on the Gilbert score and 1.6 on the Mallet score. Strömbeck et al. studied a more 
heterogeneous group of patients (2/3 having had non-operative treatment and 1/3 operative 
treatment) but with 13-years of follow-up (Strömbeck et al. 2007). They compared the 
results of both groups after a mean of five years and again at 13 years of follow up 
(Strömbeck et al. 2000 and 2007). These authors reported a lack of active external rotation 
of the shoulder to be the most common. However, there was improvement in external 
rotation observed by the longer follow-up time, which was partly associated with 
secondary procedures. Nearly all patients (90%) were reported to have elbow extension 
deficit and this had significantly deteriorated by the later follow-up time, which was 
contrary to that found for the shoulder. When evaluating those data presented in the 
literature, one has to keep in mind that in most of the reports especially in those with 
longer follow-up periods, the outcome is obtained after both primary plexus reconstruction 
and secondary procedures combined.  
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1.7.2 Pathophysiology and treatment of late sequelae after brachial plexus birth palsy 
After the initial enthusiasm for primary plexus reconstruction in the beginning of 20th 
century, surgical procedures concentrated on late sequelae treatment for the next 50 to 60 
years. Fairbank was one of the first authors to present late sequelae of shoulder joint after 
BPBP (Fairbank 1913). He presented 35 patients who previously had BPBP and who had 
posterior subluxation of the shoulder. Fairbank described a muscle imbalance to be main 
cause for this phenomenon and for internal rotation contracture of the shoulder as follows: 
“Before the external rotators of the humerus – the spinati, posterior parts of the deltoid, 
and teres minor – have recovered sufficiently to move the arm, the internal rotators have 
become shortened, so that the former cannot possibly recover completely. The muscle, 
which is most affected and offers the strongest bar to outward rotation is the subscapularis. 
It is associated with a secondary shortening of the anterior part of the joint capsule. The 
diminished support at the back of the joint, owing to the paralysis of the spinati, teres 
minor, and posterior part of the deltoid, favours backward displacement of the head of the 
humerus, which is pulled back by the unparalysed teres major and latissimus dorsi, and, 
most important of all, the subscapularis”. He added that this was mainly seen in those 
patients with C5-6 injury but not that often in those with total injury. The treatment, which 
he described for this situation was open exploration and reduction of the glenohumeral 
joint from an anterior approach after the subscapularis tendon was cut. Severe agreed with 
this theory and with the treatment described by Fairbank but made slight modifications to 
the operative technique (Sever 1916). His advice was not to open the joint, in order to 
avoid the formation of adhesions of the capsule and added that a complete division of the 
pectoralis major to the discision of the subscapularis. 
 
L’Episcopo provided a new perspective to the correction of residual shoulder deformity 
(L’Episcopo 1934). He estimated that internal rotation deformity of the humerus was the 
most common problem and that this was related to the loss of muscle balance between 
internal and external rotators at the shoulder. He added that antagonist internal rotators 
become contracted and shorter, and since being adductors in addition to being internal 
rotators, the result was the typical internal rotator and adduction deformity. He noted that 
although the primary results by the operation presented by Sever were satisfactory, in 
some patients the internal rotation had returned. The reason for this was that nothing had 
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been done to restore the balance between the weak external rotators and the strong internal 
rotators. Thus the strategy was to strengthen the external rotators while weakening the 
internal rotators. This was done by transplanting the teres major from an internal rotator to 
an external rotator using a posterior approach. The operation was never carried out alone, 
but in conjunction with the Sever procedure. The latter operation was carried out first to 
correct the deformity. Five years later L’Episcopo described the osseous deformity caused 
by muscle imbalance and added latissimus dorsi muscle transplantation with the teres 
major (L’Episcopo 1939). In some cases this deformity had become fixed because of 
incongruency of the glenohumeral joint resulting from poorly developed glenoid (shallow 
deformity) along with the neck and the head of the humerus. He believed these changes to 
be secondary to posture, although some contend that the majority of changes were due to a 
separation of the epiphysis during the delivery. If the deformity was fixed after the Sever 
procedure he suggested performing an osteotomy at the proximal end of the humerus 
above the insertion of the deltoid muscle. This was so that as the lower fragment of the 
humerus is rotated outward, the fibers of the deltoid muscle are directed straight 
downward. Osteotomy of the humerus had been performed in Europe many years earlier 
(L’Episcopo 1939), but was described for the first time in the literature by Roger in 1916 
(Roger 1916). Since then many authors have discussed the pathophysiology of late 
sequelae after BPBP and it has been generally accepted that muscle imbalance in BPBP 
can lead to soft tissue contractures and eventually to joint deformities that especially affect 
shoulder joint function (Pollock et Reed 1989, Waters et al. 1998, Hoffer et Phipps 1998, 
Nath et al. 2007). A recent paper on the treatment algorithm in late sequelae is in line the 
previous statement by L’Episcopo (Waters 2005). Waters emphasized that joint deformity 
commonly manifests early in life as a muscle imbalance and advises early decision-
making. If the glenohumeral joint is congruent as defined under MRI scanning, a soft 
tissue balance procedure is perhaps sufficient. However, in the case of advanced 
deformity, external rotation osteotomy is suggested. Many others have reported good 
results for external rotation after humeral osteotomy (Wickström et al. 1955, Goddard et 
Fixsen 1984, Dunkerton 1989, Waters et Bae 2006). Nath et al. described scapular 
hypoplasia, elevation and rotation deformity before osteotomy (Nath et al. 2006 and 2007) 
using a procedure of triangle tilt developed by themselves.  
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Late reconstruction and the pathophysiology of the forearm, the wrist and the hand have 
been infrequently reported. Aitken reported a series of 107 BPBP patients of which 37 
individuals (35%) had posterior dislocation of the radial head and bowing of the ulna 
(Aitken 1952). He advocated bracing for the young patients and radial-head resection, or 
ulnar osteotomy for older patients. Adler et al. reported unsuccessful results after radial-
head resection and regarded this procedure as potentially dangerous (Adler et Patterson 
1967). In more recent papers during the plexus surgery era the most frequently reported 
problems had been due to elbow extension deficiency. In a Swedish study, nearly all 
patients (90%) with permanent BPBP had an elbow extension deficit (Strömbeck et al. 
2007). They noted significant deterioration during the 8-year follow-up regardless of 
secondary procedures. Elbow extension deficiency has been explained by muscle 
imbalance in patients with residual C7-T1 neuropathy with recovery of C5-6 function. 
This occurs when the elbow and forearm deformities are secondary to an intact or 
recovered biceps muscle in the presence of weak or absent triceps, pronator teres, and 
pronator quadratus muscles. Progressively, the biceps creates an elbow flexion and 
supination deformity from unopposed muscular activity (Waters 2005). Forearm rotation 
restrictions after BPBP have also been explained by muscle imbalance. Forearm rotation 
requires integrity of the proximal and distal radiohumeral joints and functioning of the 
following muscles: pronator teres, pronator quadratus, biceps brachi, supinator and 
brachioradialis. These muscles are innervated by different distal nerves originating form 
the plexus brachialis. Muscle imbalance in a growing child may produce soft-tissue 
contractures and bony deformations (Waters et Simmons 1996, Sibinski et al. 2007). 
Sibinski et al. reported restrictions in active forearm rotation in 48 out of 56 patients 
(86%) who had abnormal (<80○) active pronation. The respective numbers for active 
supination was 36 out of 56 (64%) (Sibinski et al. 2007). Zancolli reported good results for 
14 patients with reconstructive procedures around the forearm to restore forearm rotation 
(Zancolli 1967). He described the Z-lengthening of the biceps tendon and rerouting it 
around the radius to convert it from a supinator to a pronator. This was intended to 
improve both elbow extension and forearm rotation. In the presence of a supination 
contracture, the rerouting procedure by itself was claimed to fail because of a recurrence 
of the deformity. Zancolli suggested performing simultaneous interosseus membrane 
release for this particular situation. However, active pronation was maintained in only 
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50% of patients. Manske et al. proposed bony correction of the forearm deformity by 
osteotomy in a two-stage procedure of tendon rerouting followed by percutaneous 
osteoclasis as rotation of the radius and ulna (Manske et al. 1980). A one-stage procedure 
of tendon rerouting and osteotomy using internal fixation was suggested by Waters et al. 
(Waters et Simmons 1996). In both techniques the forearm is positioned at approximately 
20 to 30 degrees of pronation. Elbow flexion paralysis is an infrequent occurrence, which 
can be treated by Steindler flexorplasty (Stern et Claudle 1988). Al-Qattan recently 
published a series of nine patients with a five year-follow-up. Of the nine patients, eight 
had good results (Al-Qattan 2005).  
 
It is fortunate that flail hands and wrists are rare because reconstruction for these 
conditions is difficult. This is due to the limited number of donor muscles with sufficient 
antigravity strength for transfer. For this reason, microsurgical reconstruction for infants 
prioritizes the hand in total paralysis (Haerle et Gilbert 2004). Transfer of the flexor carpi 
ulnaris to restore active wrist extension is performed for chronic C7-radial neuropathy. 
However, it has been emphasized by many authors that the full potential of the hand 
requires full potential of the shoulder and elbow (Rust 2000). 
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2. Aims of the study  
The main purpose of the present study was to evaluate the long-term results of obstetric 
brachial plexus surgery. The specific aims were as follows: 
 
1. Obtain objective and subjective functional results after obstetric brachial plexus 
surgery. 
 
2. Determine the factors that influence the outcome of plexus surgery for brachial plexus 
birth palsy. 
 
3. Evaluate the sensory function, strength and stereognosis of the hands of patients treated 
by plexus surgery.  
 
4. Investigate whether permanent BPBP affects patient’s locomotory system, influences 
lower limb growth, and affects the possible development of spinal deformities in the 
patient including overall motor function. 
 
5. Investigate whether permanent BPBP has an influence on activities of daily living or 
participation in physical activities and sports. 
 
 
6. Assess the range of motion (ROM) and strength measurements of the affected and non-
affected upper limbs after obstetric brachial plexus surgery. 
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3. Patients and methods 
 
This was a population-based retrospective follow-up study of patients who underwent 
obstetric brachial plexus surgery due to BPBP in Finland with at least five years of follow-
up. Data were collected from medical records and also from the information obtained 
during the follow-up visits made between September 2002 and October 2003. 
 
The National Research and Development Center of Welfare and Health (STAKES) collect 
data of all birth injuries in Finland into two registers: Hospital Discharge Register (HDR) 
for the patients needing hospital treatment and the Medical Birth Register (MBR) for all 
patients. The study period started at the beginning of 1971, which was the year the first 
obstetric plexus surgery was performed. The period ended at the close of 1998. During 
this 27 year period, 1 717 057 children were born in Finland and 1706 with BPBP were 
registered in the HDR, which gave an incidence of one per 1000 newborns. Combining 
data (1996-2002 inclusive) from the MBR and the HDR revealed an incidence of 3.05 per 
1000 newborns. The MBR data are based on the findings of the clinical examinations 
made by paediatricians on all newborns when they are two days of age. According to our 
unpublished prospective epidemiological study the incidence based on the combined MBR 
and HDR data appears to be a slight overestimation, since these data include some patients 
with birth fractura of the clavicle that was initially reported as BPBP. For the analyses of 
the present study 124 patients who had undergone obstetric plexus surgery were identified 
from the medical records of nine hospitals that treated BPBP patients in Finland. Since the 
population of Finland is very stable all of the 124 patients could be contacted. The Ethics 
Research Board of Helsinki University Hospital approved the study. Permission to contact 
the subjects was received from each of the hospital districts in Finland. 
 
3.1 Patients 
 
All patients (53 males, 71 females) were invited to participate in the present study, and 
112 patients (47 male, 65 females) (90%) agreed. A total of 105 patients (42 males, 63 
females) (85%) was the smallest participation rate for a single part of this entirety. The 
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mean postoperative follow-up time was 13.3 to 13.5 years (range: 5.0―31.5 years). There 
was a slight variation in the participation at different stages of this study. The average 
birth weight was 4457g (range: 2890g―6300g). The left side only was affected in 52 
(46%) patients and the right side only in 56 (50%) patients. The injury was bilateral in 
four patients (4%). Eight patients (7%) had other neurological co-morbidities recorded in 
the patient files. Four of them had attention deficit, two patients were mentally retarded 
and two patients had hemiparesis due to cerebral palsy on the unaffected side. The 
prevalence of neurological co-morbidities in this series did not differ from that in the 
general pediatric population in Finland (Sillanpää 1982). Psychometric properties were 
not evaluated in detail. However, all except two patients expressed the normal general 
levels of psychomotor development. Moreover, the subjects had already, or were still in 
the process of receiving a normal standard Finnish education at primary, secondary or 
tertiary level at the time of follow up. 
 
3.2 Physical examinations 
 
All patients underwent clinical examinations. The examinations covered five regions: 
shoulder, elbow, hand, lower limbs and spinal status. In addition a questionnaire that 
covered and scored activities of daily living, participation in physical activities, 
physiotherapy, occupational therapy and hand dominance was given to the patients. 
 
Functional classification of the shoulder, elbow and hand was assessed according to 
commonly used scales, which are specifically described for each region. Visual analogue 
score (VAS) (0=poor―10=excellent) were used by patients to evaluate the function and 
the appearance of the affected limb in addition to scoring possible pain of the affected 
limb, shoulder or clavicular region, which patients experienced in routine daily activities. 
 
Both passive and active ROM of the affected and the unaffected upper limb using a 
standard goniometer were measured, and marked in one-degree increments by two 
physiotherapists. The ratio and difference between measurements of the affected and 
unaffected sides were also calculated. The upper limb length measurements were taken at 
90° elbow flexion (arm, acromion to olecranon, forearm, olecranon to styloid process of 
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the ulna) for both sides. The differences obtained and their ratios to one another were 
calculated. 
 
Maximum isometric muscle strength, which is determined as a maximum voluntary 
contraction performed at a specific joint angle against unyielding resistance, was measured 
using: a Good Strength Metitur® adjustable dynamometer chair (Good Strength, Metitur 
LTD, Palokka, Finland) (Figure 3), a Jamar dynamometer (Asimow Engineering Co, Los 
Angeles, CA 90024) and a B & L engineering pinch gauge (B&L Engineering, Santa Fe 
Springs, CA 90670) depending on the upper extremity region being examined. Three 
measurements for each test for the affected and the unaffected sides were made and the 
best attempt was accepted as a result. A ratio between the unaffected and affected hands 
was calculated and a ratio below 0.89 / 89% was judged to be abnormal in further analysis 
(Petersen et al. 1989). Good Strength equipment has been shown to have high-reliability 
coefficients in measuring isometric muscle function for different patient groups (Hovi et 
al. 1993, Era et al. 1994, Deutch et al. 2000, Tiainen et al. 2005, Curb et al. 2006). The 
Jamar dynamometer and the B & L engineering pinch gauge (Figure 4) are widely used 
instruments that have been shown to be reliable and valid in measuring strength, too 
(Mathiowetz et al. 1984, Bellace et al. 2000). All strength measurements by Jamar and B 
& L engineering were taken as described by Mathiowetz (Mathiowetz et al. 1984).  
             
Figure 3. Good Strength Metitur device  Figure 4. B & L engineering pinch gauge 
measuring elbow flexion strength.  measurement. 
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Radiographs of the shoulder region and elbow were performed in 99 out of 112 (88%) 
patients. Radiographs could not be taken of 13 patients due to them being either pregnant 
(n=2) or that they refused (n=11).  
 
Sensory function according to Semmes-Weinstein monofilament test (S-W) (Weinstein 
1993) and stereognosis using the Moberg-Dellon pick-up test (Moberg 1958, Dellon 1981) 
were evaluated for both affected and unaffected sides and the differences were noted. 
Lower limb and spinal statuses were also determined. When there was a suspicion of 
spinal deformity radiographs of the spine were taken. The details for each region are 
described below. 
 
3.2.1 Shoulder 
Stability of the glenohumeral joint was classified clinically according to an arbitrary scale 
as follows: 1) stable, 2) subluxated 3) dislocated. Shoulder muscle atrophy, abnormal 
position of the scapula and possible non-union of the clavicle were observed. Shoulder 
function was evaluated according to a modified Mallet scale (Mallet 1972) (Figure 5), in 
which the patient may score from two to four points for each of five functions. The sum of 
these was divided by five and the mean value obtained.  
 
ROM of shoulder external rotation at abduction and at adduction with the elbow flexed at 
90○, abduction, flexion and extension were measured. Maximum isometric external and 
internal rotation strength of the shoulder joint at adduction was measured using the Good 
Strength device. 
 
Anteroposterior (AP) and axillary radiographs were taken and the shape of the bony 
articular surface of the glenoid was subjectively estimated according to an arbitrary scale: 
1) normal concave, 2) posterior blunt glenoid, 3) convex or deformed. Congruity of the 
glenohumeral joint was estimated subjectively: 1) congruent, 2) posteriorly subluxated, 3) 
posteriorly dislocated 4), anteriorly subluxated, 5) anteriorly dislocated. Radiographs of 
the clavicle were taken when non-union was suspected.  
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Figure 5. Mallet’s classification of function in brachial plexus birth palsy. (From Gilbert 1993, 
with permission) 
 
3.2.2. Elbow 
Dynamic stability of the radial head at pronation and at supination was assessed clinically. 
Elbow function was assessed according to the Gilbert scale (Gilbert 2001) (Table I). 
ROM at elbow flexion and extension and also at forearm pronation and supination were 
measured. Maximum Isometric elbow flexion and extension strengths were assessed using 
the Good Strength device. Congruency of the radiohumeral joint was estimated by 
analysing and categorising the radiographs (AP and lateral) as follows: 1) congruent, 2) 
subluxated, 3) dislocated.  
 
3.2.3 Hand 
The Raimondi hand scale (Clarke et Curtis 1995) was used to classify motor function 
(Table II). ROM at wrist extension, flexion, ulnar and radial deviation and radial 
abduction of the thumb were recorded. The grip strength was measured by using a Good 
Strength device and by using a Jamar Dynamometer. Palmar, key and tip pinch were 
measured by a B & L engineering pinch gauge.  
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Table I. Gilbert's Elbow Scale. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table II. Raimondi's Hand Evaluation Scale. 
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The sensory function of the hand was evaluated according to the Semmes-Weinstein (S-
W) test (Weinstein 1993). The Sensibilities of 32 palmar areas of the hand (Figure 6) were 
tested using five different sizes of S-W filaments (2.83, 3.61, 4.31, 4.56 and 6.65 mm). 
These filaments had a constant length of 38 mm with the diameter of the filament 
corresponding to the strength of its bending force. The finest filament felt by the patient at 
each defined area of the palm was recorded. The median S-W filament value for each 
palmar area of both hands was marked on a map. The sensory function was interpreted as 
abnormal when the 4.31 mm filament or higher was used at least once (Anand et Birch 
2002). The 3.61 mm filament was judged to be borderline abnormal and interpreted as 
diminished light touch (Massy-Westropp 2002). However, among our patients the 3.61 
mm filament was also the size most often needed to produce repeatable stimuli on the 
unaffected side. 
 
The modified Moberg-Dellon pick up test (Moberg 1958, Dellon 1981, NG et al. 1999) 
was used to evaluate stereognosis. Six objects were first shown to the patient (coin, key, 
ring, screw, pin and key ring). The patient was then blinded and asked to pick up and 
identify the items. Each correctly identified object scored one point, giving a minimum of 
0 points and a maximum of 6. 
 
Figure 6. The Semmes-Weinstein monofilament sensibility test was made in 32 different palmar 
areas of the hand. 
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3.2.4 Lower limbs and spine 
The lower limb and spinal status was measured by the following methods. Any asymmetry 
of the upper and lower extremities was noted. Functional leg length discrepancy was 
measured by placing a wooden block under the shorter leg. The coronal posture of the 
spine in the standing position was assessed by marking the spinous processes on the skin 
(Figure 7). A scoliometer (Bunnel 1984) was not used because for all patients the 
abnormal position of the scapula formed a rib hump. Structural scoliosis was suspected, 
when the line of the spinous processes marked on the skin was discerned as not being 
straight in the forward bending test. The decision to take spinal radiographs 
(posteroanterior - PA and lateral views) for evaluating spinal deformities was made solely 
according to the findings of each patient’s clinical examination. We considered it 
unjustified on ethical grounds to carry out a radiograph on every individual due to the 
relatively high amounts of radiation needed. The degree of scoliosis and kyphosis were 
measured according to the method described by Cobb (Cobb 1948). 
 
Figure 7. An 11 year-old boy with a total palsy (plexus repair at 3 months and shoulder surgery at 
3 years of age). Upper limb shortening of 9.5cm, no active external rotation of the shoulder joint, 
elbow extension deficit of 45 degrees. In spite of postural trunk imbalance, there was no structural 
scoliosis. 
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Synchronous movements of the upper limbs during gait were analyzed dichotomously. 
The scoring was as follows: 1) normal, 2) diminished or missing. Abnormalities in toe and 
heel walking were recorded. Patients’ abilities to squat, jump with both feet together and 
hop were also recorded. Parameters chosen for physical examination were partly 
descriptive, especially those used to lower limb function. To the best of my knowledge no 
single scale expressing these parameters is available. 
 
3.3 Patients’ assessments and activities of daily living 
 
Patients’ assessments were carried out by questionnaire that enquired: about general 
health, hand dominance, fractures or burn injuries, need for help in ADL, ability to 
perform common physical activities such as bicycling, swimming and skiing and activities 
in non-organized and organized sports. Bicycling, cross-country skiing and swimming 
were chosen to represent commonplace physical activities for the Finnish population, and 
also because these activities require bimanual function. Physical activities and the 
frequency of participation in non-organized and organized sports were recorded as 
follows: more than three times, two to three times, once and less than once a week. Any 
symptoms and restrictions experienced during these physical activities, when found, were 
recorded. The frequency of physiotherapy for the affected upper limb and the frequency of 
receiving occupational therapy were recorded. Categories for the regularity of these 
therapies were as follows: no therapy, occasional, periodical, weekly and twice weekly 
therapy. The questionnaire did not cover age effects per se, though subjects’ respective 
ages were recorded. These were subsequently taken into account for the results and the 
statistical analyses. The topics covered in this questionnaire were further evaluated to 
calculate a correlation with the upper extremity status. 
 
3.4 Statistical methods 
 
Values are given as means and ranges. Mann-Whitney U-test was used to examine the 
statistical differences in continuous variables and chi-squared and Fischer exact test for 
categorical variables. Correlations were analyzed using the Spearman’s rank correlation 
test. Odds ratios (OR) for the presence of good clinical outcome and their 95% confidence 
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intervals (95% CI) for different patient groups were derived by using logistic regression 
models (NCSS 6.0 Statistical Software, Kaysville, UT). Two-tailed p-values of 0.05 or 
below were considered statistically significant. 
 
Functional scores (Mallet, Gilbert and Raimondi) of the affected upper limb were 
correlated with the following independent covariates in the multivariate analyses: 1. age at 
the time of the operation, 2. sex, 3. extent of injury (C5-6, C5-7 or C5-C8/T1), 4. 
secondary procedure and 5. experience of the surgeon. Mallet score >3, Gilbert score ≥3 
and Raimondi score ≥4 were considered as good outcome.  
 
S-W fine sensation, stereognosis and key pinch strength were correlated with the 
following independent covariates in the multivariate analyses: 1. age at the time of the 
operation, 2. sex, 3. type of injury (avulsion versus no avulsion) and 4. experience of the 
surgeon. Type of surgery performed (neurolysis, neuroraphy, grafting or neurotization) 
was closely associated with the type (avulsion versus no avulsion) or extent of the neural 
injury, and therefore both of these covariates could not be included in the same logistic 
regression model. SW filament test findings 2.83-3.61, stereognosis 6/6 and key pinch 
strength ratio >0.89 between affected and unaffected side was considered as good outcome  
 
The frequency of physiotherapy and occupational therapy, participation in non-organized 
and organized sports in addition to the ability to swim, bicycle and cross-country ski and 
abnormal synchronous movements during gait were correlated with the following 
parameters: age of the patient at follow-up (5―15 (n=76) vs. 16―32 years), Mallet score 
≤3 (n=26), Gilbert score <3 (n=26), Raimondi score <4 (n=27), lack of active shoulder 
external rotation (n=62), elbow extension deficit >29 degrees (n=51) and upper limb 
length difference ≥5.0 cm (n=70). All the cut off scores chosen indicate a poor outcome 
for each parameter.  
 
Strength and ROM measurements were correlated with the type of injury (avulsion versus 
not avulsion), secondary procedures and the congruity of glenohumeral and radiohumeral 
joints in univariate analysis. In multivariate analysis shoulder external rotation and 
internal rotation strength were correlated with the following independent covariates: 1. age 
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at the time of the operation, 2. sex, 3. type of injury (avulsion versus no avulsion) and 4. 
congruity of the glenohumeral joint. On the other hand grip strength according to both 
Jamar and Good Strength measurements and elbow flexion and extension strength were 
correlated with the following independent covariates in the multivariate analyses: 1. age at 
the time of the operation, 2. sex, 3. type of injury (avulsion versus no avulsion) and 4. 
congruity of the radiohumeral joint. Strength ratio >0.89 between affected and unaffected 
side was considered as a cut out between abnormal and normal ratio. Type of the surgery 
(neurolysis, neuroraphy, grafting or neurotization) was closely associated with the type 
(avulsion versus no avulsion) or extent of the neural injury, and therefore both of these 
covariates could not be included in the same logistic regression model.  
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4. Results of the study 
 
The extent of the injury (C5-6/ C5-7/ total injury) was defined on the basis of collective 
data obtained from preoperative electromyography (EMG) (100/112), cervical 
myelography (49/112), intra-operative findings and physical examination at follow-up. 
EMG findings revealed the following: C5-6 lesion in 47 (47%), C5-7 lesion in 32 (32%) 
and total involvement in 21 (21%) patients. According to the operative findings 63 (56%) 
patients had C5-6 injury, 35 (31%) patients had C5-C7 injury and a total injury was found 
in 14 (13%) patients. Collective data including the findings at the follow up examination, 
which were used in further analyses, found that out of 112 patients 54 (48%) had C5-6 
palsy, 31 (28%) C5-7 palsy and 27 (24%) total injury. None of the patients had an isolated 
lower plexus injury. Root avulsion (type of injury) was found in 35 (31%) patients 
according to either intra-operative findings or myelography. Avulsion involved one root in 
17 patients (50%), two roots in 12 (32%), three roots in four (12%) and four and five roots 
in one patient each (3%). 
 
Plexus surgery was performed by a total of 11 consultant orthopaedic or hand surgeons in 
nine hospitals from August 1971 to December 1997. Two of them performed 61 (54%) of 
the operations (Table III). These two surgeons were referred to as experienced surgeons, 
and the remainder as inexperienced as they performed 10 or fewer operations in the 
subsequent analyses. General Indications for brachial plexus surgery were either total 
paralysis at two months of age or no recovery of elbow flexion at three months of age. 
However, during the early years covered in this study, the indications were not well 
established and the four pioneering surgeons preferred to operate sooner. Thus the mean 
age at the time of the operation was 2.8 months (range: 12 days―11.2 months). The 
operations performed are summarized in (Table IV). Neuroma resection and end-to-end 
neuroraphy was performed on 65 (58%) patients. Osteotomy of the clavicle was 
performed routinely for total injuries and in the early years in a total of 37 (33%) patients. 
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Surgeon n 
1 39 
2 22 
3 9 
4 9 
5 9 
6 9 
7 7 
8 5 
9 3 
10 2 
11 1 
total 112 
 
Table III. Number of plexus surgeries performed by different surgeons. 
 
 
 
Procedure n   C5-6 C5-7 C5-8 
Exploration 3  2 1 0 
Neurolysis 11  10 1  
Neuroraphy 65  34 21 10 
Grafting 12  5 2 5 
Neurotization 9  1 2 6 
Neuroraphy + grafting 3  2 1 0 
Neuroraphy + neurotization 4  0 2 2 
Grafting + neurotization 5  0 1 4 
Total 112   54 31 27 
 
Table IV. Type of plexus surgery according to extent of injury.  
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During the follow-up time, secondary operations for contractures or deformities of the 
limb were performed on 63 (56%) patients. Thirty-one (28%) patients underwent more 
than one operation. A total of 95 secondary operations were performed as shown in Table 
V. 
 
Table V. Secondary operations done during the follow-up period. 
 
The unaffected upper limb was dominant in all but four (4%) patients. The mean values 
for function and appearance of the affected upper limb using a VAS-scale was 5.2 (range: 
1―10) and 6.1 (1―10), respectively. The mean length of the affected upper limb was 
shorter in 106 out of 111 (95%) patients by a mean of 6 cm (range: 1―13.5 cm). 
 
4.1 Shoulder  
 
4.1.1 General status and functional scores 
All but two patients had atrophy of the shoulder musculature and a hypoplastic cranially 
positioned scapula (Figure 7). The mean Mallet scale score for shoulder function was 3.0 
(range: 2―4). Good shoulder function (Mallet class 4) was observed in only 20 out of 54 
patients with C5-6 palsy and four out of 31 patients with C5-7 palsy (Figure 8). Fourteen 
patients (13%) had posterior instability of the glenohumeral joint, and three of them could 
voluntarily dislocate the joint posteriorly. There was no correlation between the extent of 
the injury and the instability of the glenohumeral joint.  
 
4.1.2 Range of motion 
The majority of the patients had limited active external rotation of the shoulder on 
adduction: 61 out of 107 (57%) had less than 0 degrees. Extent of the injury did not have 
an effect on the prevalence of absent external rotation [C5-6: 31/51 (61%), C5-7: 13/31 
(42%) and C5-T1: 18/25 (72%)] (Figure 9). The shoulder at abduction helped patients to 
attain ROM for external rotation of a mean of 43○ (range: -10―105○). Only patients with 
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C5-6 injury had a mean active abduction ROM above 90○ (mean 116○) (Figure 10). 
Active shoulder extension of the affected side was 28% less compared to unaffected side. 
A total of five patients out of 51 (10%) patients with C5-6 injury had no active extension 
of the shoulder, the numbers for patients with C5-7 injury and total palsy were 12 out of 
31 (39%) and 12 out of 25 (48%) patients respectively (Figure 11). Shoulder flexion of 
the affected side was best preserved at 55% of that of the unaffected side under active 
movement and at 82% of that of the unaffected side under passive movement (Figure 11). 
The range of motion with minimum and maximum values of the shoulder are presented in 
Table VI. 
 
Figure 8. Scores of the Mallet-, Gilbert-, and Raimondi scales according to extent of the injury. 
 
Figure 9. Mean active (solid line) and passive (dotted line) range of motion of the affected 
shoulder: external rotation in adduction. 
 
 
 
 
43 
 
Figure 10. Mean active (solid line) and passive (dotted line) range of motion of the affected 
shoulder: abduction.  
 
 
 
Figure 11. Mean active (solid line) and passive (dotted line) range of motion of the affected 
shoulder: extension – flexion. 
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Table VI. Shoulder range of motion in degrees. There was no difference found according to the 
extent of injury in unaffected side. Four patient’s ROM with previously known bilateral injury was 
excluded in unaffected chart. 
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4.1.3 Strength  
 
Internal rotation strength of the shoulder had a mean ratio of 56%, (range: 0―147%) so 
was better preserved than that of the external rotation strength, which had a mean ratio of 
35% (range: 0―105%). However, no patient of the total injury group, one patient (3%) of 
the C5-7 group and six patients (12%) of the C5-6 group reached and surpassed the 
predefined cut-off ratio of (>0.89) for normal internal rotation strength measurements. 
Similarly, normal values for external rotation strength were obtained for one out of 25 
(4%) of the patients with total injury, none out of 31 (0%) patients with C5-7 injury and 
two out of 51 (4%) of the patients with C5-6 injury. Age was not related to strength ratio 
for any patient groups nor for any other strength measurement. Strength measurements 
with total values and ratios of affected against the un-affected side are presented in Table 
VII.  
 
  MEAN  TOTAL    VALUES RATIO   
 affected   unaffected  difference   
  side side   % range 
Shoulder       
external rotation 22 72 50 35 %  
C5-6 27 70 43 45 % 0-100% 
C5-7 18 74 56 26 % 0-81% 
total 15 74 59 24 % 0-105% 
Shoulder      
internal rotation 53 111 57 56 %  
C5-6 65 103 38 76 % 18-147% 
C5-7 44 117 73 38 % 9-96% 
total 42 117 75 36 % 0-62% 
Elbow  flexion 68 165 97 41 %  
C5-6 72 162 90 49 % 5-90% 
C5-7 70 169 99 42 % 0-88% 
total 57 166 109 33 % 0-62% 
Elbow extension 63 122 59 51 %  
C5-6 83 114 31 81 % 5-185% 
C5-7 47 130 83 39 % 4-80% 
total 41 128 87 31 % 0-81% 
Grip  156 253 97 64 %  
C5-7 168 277 109 63 % 32-91% 
total 60 251 191 22 % 0-86% 
Grip (Jamar) 11 24 13 44 %  
C5-6 15 23 8 66 % 19-111% 
C5-7 10 27 17 35 % 3-80% 
total 2 23 21 9 % 0-33% 
Table VII. Isometric strength measurements with Good Strength Metitur® device in Newton. 
Grip strength was also measured with Jamar dynamometer in kg. 
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4.1.4 Radiographs  
The glenohumeral joint was congruent in 83 patients (84%), posteriorly subluxated in nine 
(9%), posteriorly dislocated in three (3%) (Figure 12) and anteriorly subluxated in four 
(4%). Anterior dislocation was not noted. The shape of the glenoid cavity was normally 
concave in 65 patients (66%), blunt posteriorly in 18 (18%) and convex or deformed in 16 
patients (16%). Patients with a congruent glenohumeral joint had a higher mallet score 
(mean 3.1) than patients with an incongruent joint (mean 2.7), although this did not reach 
statistical significance (p=0.067). The proportion of congruent to incongruent joints was 
57% when instability of glenohumeral joint was detected upon physical examination, and 
11% for those with a clinically stable joint (p<0.001). Osteotomy of the clavicle was 
performed in 37 patients (33%), and non-union was suspected upon physical examination 
in nine (24%) of these patients. The diagnosis was confirmed by radiography (Figure 13). 
Non-union was symptomatic in all of these patients.  
 
    
Affected side      Unaffected side 
 
Figure 12. This patient had C5-7 injury, no shoulder reconstructive procedure. At the follow-up a 
posteriorly dislocated glenohumeral joint was noted. 
 
 
Figure 13. Non-union of clavicle bone after clavicular osteotomy during primary plexus 
reconstruction. 
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4.2 Elbow 
 
4.2.1 General status and functional score 
The mean score on the Gilbert scale for elbow function was 3 (-1―5) (Figure 8). Those 
patients without a subluxated or dislocated radial head had a mean Gilbert elbow rating of 
2.5, and the other patients had a mean rating of 3.0. Radial head instability did not 
correlate with pain. Instability of the radial head was suspected clinically in three patients 
(3%) with total palsy, but none of them reported pain in their respective elbows. 
Secondary operations on the elbow or forearm were performed in 10% and 33% of the 
patients, respectively. 
 
4.2.2 Range of motion 
Lack of full extension was most common restriction on elbow region. Eighty-nine out of 
107 patients (83%) had an active extension deficiency giving a mean of 31○ (range: 
5―80○) and 82 patients (77%) had a mean passive extension deficiency of 19○, (range: 
5―55○) for ROM, respectively. All patients except one (96%) with total injury had an 
active extension deficiency. The corresponding incidences active extension deficiency for 
C5-6 and C5-7 injury groups was 40 out of 51 (78%) and 25 out of 31 (81%) respectively. 
On the other hand, there was only 1% difference in passive motion and 9% difference in 
active motion between the affected and unaffected sides for elbow flexion (Table VIII 
and Figure 14). Mean active supination was 29○ (range: -90―90○), which manifested as a 
40% reduction compared to the unaffected side (Table VIII and Figure 15). The lack of 
active supination (≤ 0○) was five times more common in patients with total palsy for 12 
out of 25 (48%) than in patients with C5-6 injury five out of 51 (10%) (p<0.001). The 
respective incidence for the C5-7 group was seven out of 31 (23%). The ratio between the 
affected and unaffected sides for forearm pronation was 70% for active ROM and 74% for 
passive ROM. The minimum and maximum values of ROM for elbow joint are presented 
in Table VIII.  
 
 
 
 
48 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table VIII. Elbow range of motion in degrees. There was no difference found according to extent 
of injury in unaffected side. Four patient’s ROM with previously known bilateral injury was 
excluded in unaffected chart. 
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Figure 14. Mean active (solid line) and passive (dotted line) range of motion of the affected 
elbow: flexion - extension. 
 
Figure 15. Mean active (solid line) and passive (dotted line) range of motion of the affected 
elbow: pronation - supination. 
 
4.2.3 Strength  
The mean ratio in strength between affected and unaffected sides was 41% (range: 
0―90%) for elbow flexion and 51% (range: 0―185%) for elbow extension (Table VII). 
No patients of C5-7 injury group and the total injury group exceeded the normal 
predefined ratio (>0.89) either for the elbow flexion or the extension strength 
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measurements. One patient (2%) of the C5-6 group had a normal ratio for elbow flexion 
and 17 patients (33%) had normal ratios for elbow extension strength.  
 
4.2.4 Radiographs  
Radiographically, the radiohumeral joint was congruent in 78 patients (79%), subluxated 
in 16 (16%) and dislocated in five (5%). Patients with a congruent radiohumeral joint had 
a significantly (p<0.001) higher mean Gilbert score at 3.9 than those patients with an 
incongruency, whose score was 2.2. 
 
4.3 Hand 
 
4.3.1 Functional score  
The mean scores of the Raimondi scale for each group were as follows: 4.57 (range: 3―5) 
for patients with a C5-6 injury, 4.26 (range: 1―5) with C5-7 injury and 2.16 (range: 0―5) 
with total injury (Figure 8). All patients, except one with poor hand function (Raimondi 
scale between 0―2), had a total brachial plexus injury. 
           
Figure 16. Mean active (solid line) and passive   Figure 17. Mean active (solid line) and  
(dotted line) range of motion of the affected wrist:  passive (dotted line) range of motion 
flexion - extension.     of the affected wrist: 
       radial – ulnar deviation. 
 
4.3.2 Range of motion
Dorsiflexion (Figure 16) and radial deviation (Figure 17) of the wrist were most 
commonly impaired. Sixteen out of 107 patients (15%) had no active Extension (≤0○) and 
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46 patients (43%) had no active radial deviation (≤0○). The findings among the patients 
with either C5-C7 or total palsy were as follows: patients with C5-6 injury three out of 51 
(6%) had no active extension and six out of 51 (12%) had no active radial deviation. The 
corresponding values for those patients with C5-7 injury were five out 31 (16%) and 21 
out of 31 (68%). For patients with total palsy eight out of 25 (32%) and 19 out of 25 
(76%) for no active extension and no active radial deviation, respectively. The same level 
of abnormal findings was also found for active ulnar deviation and volar flexion. 
However, the ratio between affected and unaffected sides was better preserved (Table IX). 
Radial abduction of the thumb, was well preserved with a 79% ROM ratio compared with 
the unaffected side. Those patients with no active radial abduction of the thumb (≤0○) 
most commonly had total palsy amounting to seven out of 25 (28%) compared to those 
patients with C5-7 with two out of 31 (6%) or those with C5-6 palsy who had one out of 
51 (2%). The ROM with minima and maxima for wrist and hand joints are presented in 
Table XI.  
  
4.3.3 Strength 
Better grip strength measurements were obtained from the patients with the Good Strength 
device than with the Jamar dynamometer. The ratio between the affected and unaffected 
sides was 64% (range: 0―121%) compared with 44% (range: 0―111%). A total of nine 
patients (8%) with total injury could not hold and compress the Jamar dynamometer, so 
their results were recorded as zero. However, five patients out of these nine could produce 
a positive result with the Good Strength equipment. The mean ratio between the affected 
and non-affected hand of those patients with C5-6 injury for grip strength (Jamar) was 
0.61 (range: 0.13―1.79), for palmar pinch 0.81 (range: 0.39―1.23), for key pinch 0.88 
(range: 0.36―1.43) and for tip pinch was 0.80 (range: 0.31―1.3). Corresponding mean 
ratios were 0.37, 0.61, 0.57, 0.54 for the C5-7 group and 0.09, 0.19, 0.28, 0.17 for the total 
injury group, respectively. More detailed information is given in Table VII and X.  
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  Affected  side Unaffected side   
  average range average range ratio % 
Wrist extension     
passive  72 10-100 85 70-100 86 % 
C5-6 76 10-95    89 % 
C5-7 70 35-90    82 % 
total 67 20-100    79 % 
active  44 -70-90 75 50-90 59 % 
C5-6 55 -70-85    73 % 
C5-7 38 35-90    51 % 
total 29 -35-90    39 % 
Wrist flexion       
passive  76 -20-105 79 60-95 96 % 
C5-6 81 60-105    101 % 
C5-7 75 40-90    96 % 
total 66 -20-100    85 % 
active  57 -35-100 67 50-85 84 % 
C5-6 66 50-100    97 % 
C5-7 59 -25-80    89 % 
total 34 -35-80    51 % 
Wrist ulnar deviation       
passive  41 15-65 43 30-55 97 % 
C5-6 41 30-50    95 % 
C5-7 41 30-60    95 % 
total 39 15-65    93 % 
active  30 -10-50 40 25-55 75 % 
C5-6 37 0-50    93 % 
C5-7 28 -10-50    70 % 
total 17 0-50    43 % 
Wrist radial deviation       
passive  18 -20-35 26 10-35 69 % 
C5-6 23 -15-30    88 % 
C5-7 12 -20-30    46 % 
total 14 0-35    54 % 
active  6 -40-30 23 10-30 28 % 
C5-6 17 -35-30    74 % 
C5-7 -3 -40-25    0% 
total -4 -40-25    0% 
Thumb radial abduction       
passive  41 0-70 42 30-65 96 % 
C5-6 41 30-60 42 35-60 98 % 
C5-7 41 30-60 42 35-50 98 % 
total 40 0-70 43 30-65 93 % 
active 32 0-55 41 30-55 79 % 
C5-6 39 0-55 41 35-50 95 % 
C5-7 31 0-45 40 35-50 78 % 
total 21 0-40 42 30-55 50 % 
Table IX. Range of motion of wrist and thumb in degrees. There was no difference found 
according to extent of injury in unaffected side. Four patients’ ROM with previously known 
bilateral injury was excluded in unaffected chart. 
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Table X. Hand strength on the non-affected and affected side with minimum and maximum values 
(Jamar dynamometer for grip strength and Pinch gauge for palmar, key and tip pinch). 
 
4.3.4 Sensory function  
Normal sensory function (2.83―3.61) was obtained by 57 out of 105 patients (54%). For 
patients with C5-6 and C5-7 injury, the median sensibility of both the affected and 
unaffected hand was normal (2.83―3.61). For those patients with C5-6 injuries, abnormal 
S-W filament test findings (4.31―6.65) were recorded for 15 (31%) affected hands. The 
respective figures for patients with C5-7 injury was 16 (52%) and for patients with total 
injury 17 (68%) (Table XI). Loss of protective sensation, deep pressure sensation only or 
complete loss of sensation 12 out of 105 (11%) was mainly found in patients with total 
injuries (Table XI). Two out of five patients (Table XII) with total injury, who had had a 
repair or neurotization of the lower roots experienced normal filament sensation of the 
affected hand compared with four out of 20 patients who had no surgical intervention of 
the lower plexus (p=0.350).  
For those patients with upper and/or upper and middle root injuries, diminished sensation 
occurred most commonly on the radial dermatomes of the palm (Figure 18). In contrast to 
this, abnormal S-W findings for patients with total injury were generally obtained for 
proximal and ulnar dermatomes (Figure 18). 
 
 
 
Table XI. Sensory status of the affected hand (Semmes-Weinstein monofilament test). Filament 
sensation was recorded in 32 palmar dermatomes. Classification into different sensory grades is 
based on the worst single filament recording. 
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Table XII Injury pattern, surgical treatment (th) and outcome in patients with total palsy. Mean 
Raimondi score, percentage of normal fine sensation (S-W) and stereognosis are given for the 
three subgroups. th=treatment, 0=exploration, 1=repair or neurotization, 2=neurolysis, 
A=avulsion, R=rupture, L= leasion in continuity, I=intact, *=loss of protective sensation according 
to Semmes-Weinstein measurements (S-W). 
 
 
Figure. 18. The Semmes-Weinstein monofilament (SWM) sensibility test in patients with C5-6 
(n=49), C5-7 (n=31) and total (n=25) injury: non-affected hand (left), median affected hand 
(middle), worst affected hand (right). Green=normal touch (SWM 2.83), blue=diminished light 
touch (SWM 3.61), violet=diminished protective touch (4.31), red=loss of protective touch (SWM 
4.56), orange=deep pressure only (SWM 6.65), white=no response. 
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Table XIII. Stereognosis of the affected hand (modified Moberg-Delon test). The Patients had to 
indentify six objects without vision: coin, key, ring, srew, pin, key ring. 
 
4.3.5 Stereognosis  
The results of the pick-up test were normal for 86 out of 105 patients (82%). This was 
observed in 46 out of 49 patients (94%) with C5-6 palsy, 27 out of 31 (87%) with C5-7 
palsy and 15 out of 25 (60%) with total palsy. All those patients who did not recognize 
any of the six items belonged to the total injury group. Four out of the five patients who 
had reconstruction of the lower nerve roots performed normally in the pick-up tests. In 
comparison, only 11 out of 20 patients without lower nerve root reconstruction performed 
normally (p=0.310) (Table XII). The results of the Moberg-Dellon pick-up were not age 
related in this study. The results are given in Table XIII.  
 
4.4  Lower limbs and spine 
 
4.4.1 Lower limbs  
A mean of eight millimetres (range: 5―15) for lower limb inequality was observed in 19 
out of 111 patients (17%). The lower limb of the unaffected side was longer in nine 
patients but shorter in 10 patients. Leg length differences were not considered clinically 
significant. Synchronous movement during gait of the affected upper limb was diminished 
or absent in 48 out of 111 patients (43%). This finding was not age related. None of the 
patients had difficulties when walking on their toes. However, one patient could not walk 
on her heels because of a wide area of diminished sensation and also because of pain at the 
sural nerve harvest site. Four out of 111 patients (4%) had asymmetry when squatting 
whereas 12 patients (11%) had difficulties in hopping on their respective affected legs. 
Any handicap in performing these activities was not associated with the extent or the type 
of the plexus injury. None of the patients had problems jumping.  
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4.4.2 Spine 
Postural coronal deformity of the spine was observed in 36 out of 111 patients (33%). 
Structural scoliosis was suspected in six patients (5%) due to persisting deformity during 
the forward-bending test. Lateral and PA radiographs of the spine were obtained. The 
Cobb angle (Cobb 1948) exceeded 10° in two of these six patients. A 17-year-old boy had 
a congenital hemivertebra (thoracic vertebra 4) with a 40° curve convex of the affected 
side and a 17-year-old girl had a 13° idiopathic lumbar scoliosis (apex lumbar vertebrae 1) 
convex of the non-affected side. Sagittal plane deformities were not recorded.  
 
4.5 Patients’ assessments and activities in daily living 
 
Thirty-five out of 112 patients (31%) had pain in the affected upper limb. Pain was 
experienced daily by three patients (3%), two to three times per week by five patients 
(4%), weekly by eight (7%) and at least once a month by 19 patients (17%). Pain was not 
related to age, extent of the injury, type of surgery, radiological findings or secondary 
operations. However, nine patients with clavicular non-union had local pain at the 
clavicle. Twelve out of 112 patients (11%) reported burn injuries on the affected side and 
17 out of (15%) had other injuries. Thirty-nine patients (35%) needed help in ADL, 
including 16 out of 29 patients (55%) who were younger than 10 years of age and 23 out 
of the other 83 patients (28%) who were older than 10. Detailed ADL data are given in 
Table XIV. The main problems were with washing hair, cutting food and buttoning a 
shirt.  
 
 
 Table XIV. Activities of daily living (ADL). Percentage (%) of patients able to do daily tasks. 
 
 
 
 
 
57 
For the physical activities the problems were as follows: two out of 111 patients (2%) 
could not ride a bicycle. In one case this was due to poor upper limb function. Five 
patients (5%) reported an inability to cross-country ski but could not give any obvious 
reason. Nineteen patients (17%) could not swim, 11 of these patients were younger than 
eight years of age and the remaining eight individuals were aged between eight and 15 
years. Two patients, one for each age group compared had poor upper limb function. 
Although only a few patients could not bicycle, cross-country ski or swim, the majority 
(n=79, 71%) reported having problems with these activities. These problems were owing 
to either muscle weakness or joint stiffness of the affected upper limb. Detailed 
information is given in Table XV. 
 
 
Table XV Capacity to swim, bicycle and cross-country ski against symptoms during physical 
activities in relation to the extent of the injury in patients with permanent BPBP.  
 
 
Out of a total of 111 patients, the reported frequencies of nonorganized sporting activities 
was more than three times a week for 12 patients (11%), two to three times a week for 21 
patients (19%), once a week for 27 patients (24%) and less than once a week for 25 
patients (23%). Twenty-six patients (23%) did not participate in sports at all. In contrast, 
28 out of 111 patients (25%) participated in certain organized sports as follows: floorball 
8, football 4, dancing 4, ice-hockey 3, riding 2, swimming 2, diving 2, skating 1, baseball 
1, badminton 1.  
 
Fifty-one out of 111 patients (46%) had received no physiotherapy at follow-up, whereas 
eight patients (7%) had occasional physiotherapy, 18 (16%) had periodical, 25 (23%) had 
weekly and 9 (8%) had twice weekly physiotherapy. Ninety-four patients (85%) had no 
occupational therapy, two (2%) had occasional, two (2%) had periodical and 13 (12%) had 
weekly therapy.  
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4.6 Statistical analyses 
 
4.6.1 Predictors of upper extremity functional scores 
As determined by univariate analysis, the extent of injury correlated significantly inversely 
with the Mallet scores (rs=–0.59, 95% CI –0.70 to –0.45, p<0.0001, Gilbert score (rs=–
0.68, 95% CI 0.77 to –0.56, p<0.0001), and Raimondi score (rs=–0.54, 95% CI –0.66 to –
0.39, p<0.0001) (Fig. 3). Similarly, the type of surgery was associated with Mallet score 
(rs=–0.21, 95% CI –0.38 to –0.02, p=0.030), Gilbert score (rs=–0.21, 95% CI –0.39 to –
0.02, p=0.029), and Raimondi scale (rs=–0.47, 95% CI –0.60 to –0.31, p<0.0001). In order 
to investigate correlations between the type of surgery and function, the following scoring 
system was used: (0 exploration or neurolysis, 1 neuroraphy, 2 grafting, 3 neurotization, 
and 4 a combination of the aforementioned techniques). Mallet, Gilbert, and Raimondi 
scores after different surgical procedures are shown in Table XVI. Patients with nerve 
root avulsion injury had inferior results for the shoulder (p=0.028), elbow (p=0.0056) and 
hand function (p=0.0024). After we adjusted for the age, gender, and experience of the 
surgeon, the extent of the injury was closely associated with a satisfactory outcome (Table 
XVII). Similarly, after the same adjustment, an age of more than three months at the time 
of plexus surgery was associated with satisfactory hand function (Raimondi score at least 
4) (OR 4.18, 95% CI 1.09―16.01, p=0.036). These data suggest the experience of the 
surgeon was not significantly associated with upper limb functional scores. 
 
 
 
 
 
 
 
Table XVI. Mean Mallet, Gilbert and Raimondi scores according to the type of surgery. 
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Table XVII. Odds ratios (OR) and 95% confidence intervals (CI) for outcome (Mallet, Gilbert and 
Raimondi scale) when age, sex, extent of injury and experience of surgeon are considered as 
independent covariates in logistic regression models. 
 
4.6.2 Predictors of hand function 
After adjusting for age, gender, type of injury (avulsion versus no avulsion) and 
experience of surgeon, the inexperienced surgeon predicted abnormal key pinch strength 
(OR 0.25, 95% CI 0.09―0.73, p=0.011). Similarly, after this adjustment, avulsion type 
injury predicted poor sensation (OR 2.53, 95% CI 1.10―5.82, p=0.029), stereognosis (OR 
8.87, 95% CI 2.37―33.16, p=0.0012) and key pinch strength (OR 6.64, 95% CI 
1.98―22.23, p= 0.0021) (Table XVIII). 
 
Univariate analysis revealed that patients with an avulsion type injury had significantly 
lower Mallet (p=0.017), Gilbert (p=0.0079), Raimondi (p=0.032), grip strength 
(p=0.0070), palmar pinch (p<0.001), key pinch (p<0.001), and tip pinch (p<0.001) values 
than those without avulsion. In addition, there was a significant correlation between the 
Mallet score and the Gilbert score (rs=0.69, 95% CI 0.57―0.78), the Raimondi score 
(rs=0.55, 0.38―0.68), grip strength (0.68, 0.57―0.77), palmar pinch (0.64, 0.51―0.74), 
key pinch (0.67, 0.55―0.76), in addition to tip pinch (0.66, 0.54―0.75) (p<0.001 for all 
correlations). The Gilbert scores correlated significantly with the Raimondi scores (0.44, 
0.26―0.60), grip strength (0.69, 0.57―0.78), palmar pinch (0.74, 0.59―0.79), key pinch 
(0.67, 0.55―0.76), and tip pinch (0.69, 0.57―0.78) (p<0.001 for all correlations). The 
Raimondi score correlated significantly with grip strength (0.54, 0.37―0.67), palmar 
pinch (0.50, 0.33―0.64), key pinch (0.53, 0.36―0.66), and tip pinch (0.55, 0.39―0.68) 
(p<0.001 for all correlations). 
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Table XVIII. Odds ratios (OR) and 95% confidence intervals (CI) for outcome (S-W 
monofilament test, stereognosis, key pinch) when age, sex, injury (avulsion or no avulsion), 
experience of surgeon are considered as independent covariates in logistic regression models. 
 
4.6.3 Predictors of upper extremity ROM and strength measurements 
As measured by the univariate analysis, the avulsion type injury inversely correlated 
significantly with grip strength for Jamar (p=0.0070) and for the Good Strength (p<0.001) 
device measurements but not with other strength measurements or ROM. Similarly, the 
incongruency of the glenohumeral joint was associated with a lack of external rotation of 
the shoulder joint upon abduction (p=0.0071) and extension of the shoulder joint 
(p=0.015), but not with other ROM or strength measurements. Secondary procedures 
inversely correlated significantly with elbow flexion strength (p=0.023) but not with ROM 
or other strength measurements.  
 
After adjusting for age at surgery, gender and congruency of the glenohumeral joint, the 
avulsion type of injury predicted impaired shoulder internal rotation strength (OR 0.36, 
95%CI 0.14―0.89, p=0.027), impaired grip strength according to Jamar measurement 
(OR 0.29, 95%CI 0.11-0.76, p=0.011) and poor elbow flexion strength (OR 0.31, 95%CI 
0.12 – 0.79, p=0.015) (Table XIX and XX). Similarly, an incongruent radiohumeral joint 
was related to a poor outcome for grip strength as measured by Jamar (OR 0.17, 95%CI 
0.035―0.79, p=0.024) and by Good Strength devices (OR 0.22, 95%CI 0.073―0.70, 
p=0.0098) and elbow extension strength (OR 0.30, 95% CI 0.093―0.95, p=0.041) (Table 
XX). 
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Table XIX. Odds ratios (OR) and 95% confidence intervals (CI) for shoulder rotation strength 
(Good Strength device). Age at plexus surgery, sex, type of injury and congruency of 
glenohumeral joint are considered as independent covariates in logistic regression models. 
Strength ratio >0.89 (Petersen et al 1989) between affected and unaffected side was considered 
normal. 
 
 
 
 
Table XX. Odds ratios (OR) and 95% confidence intervals (CI) for isometric elbow and hand 
strength measured by Good Strength device and Jamar dynamometer. Age at plexus surgery, sex, 
type of injury and congruency of radiohumeral joint are considered as independent covariates in 
logistic regression models. Strength ratio >0.89 (Petersen et al 1989) between affected and 
unaffected side was considered normal. 
 
4.6.4 Predictors of lower limbs and spinal status and patients’ assessment 
Diminished or absent synchronous motion during gait was associated with a Mallet score 
of less than 3 (35% [17/48] versus 14% [9/63], Chi-squared test, p=0.0092), a Gilbert 
score of less than 3 (31% [15/48] versus 10% [6/63], p=0.0038), a Raimondi score of less 
than 4 (38% [18/48] versus 14% [9/63], p=0.0047) and elbow extension deficit greater 
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than 29 degrees (66% [32/48] versus 30% [19/63], p=0.00013). Age, upper limb length 
difference of ≥5.0 cm or lack of active external rotation of the shoulder did not correlate 
with abnormal walking. 
  
No associations were found between the frequency of physiotherapy or the frequency of 
occupational therapy with age, upper limb length difference, lack of active external 
rotation of the shoulder, extension deficit of the elbow. Similarly, no associations were 
found between the two respective therapy approaches and with functional scores of the 
affected upper limb (Mallet, Gilbert, Raimondi). The reported prevalence of the patients’ 
physical activities as assessed by the ability to swim, bicycle or cross-country ski were not 
associated with these above mentioned parameters either (Mann-Whitney U-test).  
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5. Discussion 
 
BPBP is a complication of delivery due to foetal-maternal disproportion and shoulder 
dystocia (Sever 1916, Rouse et al. 1996 Gherman et al. 1997). High birth weight, shoulder 
dystocia and breech presentation (Trombetta 1880, Gordon et al. 1973, Zancolli 1981, 
Tassin 1983, Slooff et Ubachs 1993, Walle et al. 1993), assisted delivery (Soni et al. 1985, 
Laurent et Lee 1994, Ubachs et al. 1995) and a previous child with obstetrical brachial 
palsy (Al-Qattan et al. 1996) are all regarded as major risk factors for BPBP. The reported 
incidence of BPBP has varied from 0.38 (Adler et Patterson 1967) to 4.6 (Hoeksma et al. 
2000) per 1000 newborns in previous studies. Most commonly the C5 and C6 nerve roots 
are affected in BPBP resulting in upper plexus injury (Gilbert 1995). The majority of 
patients have spontaneous recovery within the first year of life, although the recovery rate 
reported in the literature varies a lot (13―92%) and depends on the criteria and duration 
of the follow-up. Permanent BPBP results in growth retardation and anatomical changes 
of the injured upper limb (Waters et Peljovich 1999, Beischer et al. 1999). These problems 
seem to continue into adulthood Partridge (Partridge et Edwards 2004). It is still unclear 
whether obstetric brachial plexus surgery can alter the natural history in those patients 
with incomplete recovery of the neural injury (Rust 2000). Surgically treated patients often 
have permanent disabilities and secondary operations are frequently required due to severe 
injury, especially for deformities of the shoulder. Early results of brachial plexus surgery 
are well documented in the literature (Solonen et al. 1981, Gilbert et Tassin 1984, Narakas 
1985, Gilbert et al. 1988, Laurent et al. 1993, Boome et Kaye 1988, Capek et al. 1998) 
and there are three earlier reports that present mid-term results at 5 to 7 years (Strömbeck 
et al. 2000, Birch et al. 2005, Haerle et Gilbert 2004) of follow-up. Strömbeck has 
researched this topic extensively and her recent study deals with operatively and non-
operatively treated BPBP patients at 13 years of follow-up (Strömbeck et al. 2007).  
 
Most of these studies concentrate on the movement of the affected joints and weakness of 
the affected muscles as measured by scoring against different scales. Functional outcome 
as measured according to activities of daily living (ADL) scoring has not been studied in 
depth. Most patients recover sufficiently. Nevertheless, those with permanent palsy 
despite having had late reconstructive procedures have major disabilities that render 
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fundamental activities arduous. Such activities include personal hygiene, dressing and 
possible injuries and are due to the restriction or weakness of the affected arm and perhaps 
most of all, due to impaired sensation of the hand. However, there is a paucity of evidence 
about the sensory function in the literature after obstetric brachial plexus surgery in BPBP. 
There are only two studies that cover this phenomenon mainly in conservatively treated 
BPBP (Anand et Birch 2002, Palmgren et al. 2007). Although late sequelae of BPBP have 
been comprehensively dealt with in the literature, more detailed data about the accurate 
numerically measured muscle strength and range of motion of the affected upper limb are 
not available. In addition to careful sensory evaluation, this information could give us a 
more quantitative and qualitative scale for the general term “poor recovery”. Whether 
avulsion type root injuries or shortening and altered function of the affected upper limb 
have effects on the development of spinal deformities or locomotion, has been commonly 
asked by the parents of obstetrically operated BPBP children.  However, such information 
has not been reported in literature. 
 
This present study is retrospective, population-based with long-term follow-up (between 
13.3―13.5 years). All patients had obstetric plexus surgery in infancy and approximately 
one third of them (31%) had sustained root avulsions. The follow-up rate was high and 
exceeded 90%. Our results were not obtained from one tertiary centre, instead the 
operations were performed in 9 hospitals by 11 different surgeons. The indications, timing 
and surgical techniques both for the primary plexus reconstruction and secondary 
procedures varied over the 28 year period from 1971 to 1998. In addition, the long-term 
results obtained from patients with or without secondary operations cannot be compared 
with each other due to the cross sectional design used in this study. Furthermore, the 
results of this nationwide investigation should only be cautiously compared with the 
outcomes from modern tertiary institutions specialized in the treatment of BPBP.   
 
5.1 Shoulder 
 
General status and functional score (Mallet classification): Muscle imbalance of the 
shoulder and deformity of the glenohumeral joint associated with BPBP is well 
documented (Pollock et Reed 1989, Waters et al. 1998, Pöyhiä et al. 2005). A uniformly 
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accepted outcome measurement for the upper extremity does not exist. In addition, the 
Mallet scale has been used in many different ways (Mallet 1972). However, several 
centres have adopted these scales for current use. According to our results only 36% of 
patients with C5-6 injuries had good shoulder function (Mallet class four). This is in 
accordance with the study by Birch and others who reported a good result after C5 repair 
in 33% (Birch et al. 2005). Perhaps the best results were presented by Gilbert as long ago 
as 1988 (Gilbert et al. 1988). Eighty per cent of those patients with C5-6 injuries had good 
shoulder function whereas only 40% of the C5-7 injury group had good shoulder function. 
However, their study had approximately a 2 years follow-up period, which may partly 
explain the differences from the data from our study and also the findings obtained by 
Birch. This statement is supported by the study of Pagnotta et al. who described a 
progressive decline in ROM of patients between 10 and 15 years follow-up after having a 
secondary shoulder procedure (Pagnotta et al. 2004). On the other hand, Smith reported 
that 66% of the conservatively treated patients with upper plexus injury and those without 
biceps function at three months had attained Mallet class four shoulder function (Smith et 
al. 2004). Shoulder function impairment correlated positively with the extent of the injury 
in our series, which was also found in the recent study by Birch and colleagues (Birch et 
al. 2005). 
 
Range of motion: A strong association between shoulder contracture and osseus 
deformity has been reported by Hoeksma et al. (Hoeksma et al. 2003). The prevalence of a 
shoulder contracture of >10○ was 56% in their series. We found a correlation between the 
incongruency of the glenohumeral joint and the extent of poor external shoulder rotation 
(ROM) during abduction. The lack of active external rotation of the shoulder during 
adduction was the most common shoulder impairment and was found in 57% of the 
patients in the present study, which supports the findings by Hoeksma et al. External 
rotation of the shoulder was uniformly better preserved during abduction than during 
adduction. Pagnotta et al. reported a series of 203 patients after latissimus dorsi transfer 
for restoring shoulder abduction and external rotation with 10 - 15-years of follow-up 
(Pagnotta et al. 2004). They reported satisfactory results with active external rotation. 
They noted this improvement remained after the procedure for all patients groups except 
the C5-6 group in which they found a slight deterioration between 10 and 15 years of 
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follow-up (ibid.). On the other hand, they found progressive deterioration of active 
abduction after 6-10 years of surgery. Those authors also found that, the mean abduction 
was 105° for the C5-6 group and 75° for the C5-7 15 years after the procedure and 68° for 
total injury group 10 years after the procedure. The respective mean values in our 
population was 116°, 73° and 66°. The extent of the injury did not have an effect on the 
external rotation, but on all other ROM measurements in our study. 
 
Recent studies have reported that secondary shoulder procedures (soft tissue release, 
muscle transposition, corrective osteotomies) improve function at less than five years 
follow-up (Waters et Bae 2006, Waters et Bae 2008, Nath et al. 2007, Strömbeck et al. 
2007, Dedini et al. 2008). However, a progressive decline in ROM between 10 and 15 
years follow-up was found in the study of Pagnotta et al. (Pagnotta et al. 2004). Similar 
results suggesting that short-term satisfactory results are not maintained in the long run 
were also reported by Kirkos et al. for 10 patients at 30 years follow-up (Kirkos et al. 
2005). According to our results, patients who had received secondary reconstructive 
procedures had in general poorer ROM compared to those patients who had only been 
treated with plexus surgery. This finding is probably at least partly explained by the fact 
that patients with plexus surgery only had sustained a less severe obstetric palsy than those 
patients that were treated with secondary operations. 
 
Strength: To my knowledge, there are no previous reports in the literature on shoulder 
strength measurements in operatively treated patients with BPBP. Both external and 
internal rotation strength was markedly diminished: external rotation by 65% and internal 
rotation by 44% on average in all patients in our study. Patients with an avulsion type 
injury had poorer strength in internal rotation compared to those patients who did not have 
root avulsion. This finding is logically to be expected since patients with root avulsions 
have potentially fewer motor neurons. Descriptive scales have been found to be inaccurate 
and sometimes difficult to use (Clarke et Curtis 1995), therefore a more reliable method 
for quantitating motor functions is needed. Exact strength measurements may be useful for 
planning secondary procedures and to measure the effect of a procedure, which has been 
already done. However, this measurement system is not commonly in current use; perhaps 
because of the requirement for demanding measurement equipment. 
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Radiographs: Glenohumeral incongruencies mainly manifested as posterior subluxation 
or dislocation, and were recorded in 16% of those patients of our study. Glenohumeral 
incongruency has been previously reported in up to 30% of patients according to CT, MRI 
and radiographs (Waters et al. 1998, Torode et Donnan 1998, Pearl et al. 2003). 
According to recent US screening study one-third of the patients with permanent BPBP 
developed posterior subluxation already during the 1st year of life (Pöyhiä et al. 2010). 
The pathophysiology of glenohumeral incongruencies was being discussed and explained 
by muscle imbalance as early as the first three decades of the 20th century (Fairbank 1913, 
Sever 1916 and L’Episcopo 1934). However, the prognosis of an incongruent joint 
throughout adulthood has not been reported.  
 
5.2 Elbow 
 
Functional score (Gilbert classification): The elbow region is a less reported entity 
within the broader subject of BPBP. The mean Gilbert scale for elbow function in this 
study was 3 (-1―5), which is slightly inferior to the results obtained by Antoniadis and 
colleagues. On the other hand, their follow-up time was only 27 months (Antoniadis et al. 
2003).  
 
Range of motion: Elbow extension deficiency has been explained as resulting from a 
muscle imbalance in patients with residual C7-T1 neuropathy with recovery of C5-6 
function. The elbow and forearm deformities are secondary to an intact or recovered 
biceps muscle in the presence of weak or absent triceps, pronator teres, and pronator 
quadratus muscles (Waters 2005). However 78% of our patients with C5-6 injury had 
extension deficiency, which confirms the findings of a study by Strömbeck (Strömbeck et 
al. 2007). It is thus probable that upper plexus injury without C7 and lower plexus injury 
may be a cause of restriction. This is perhaps explained by the shortening of the affected 
biceps muscle compartment. In a Swedish study, it was found that nearly all patients 
(90%) with permanent BPBP had an elbow extension deficit (Strömbeck et al. 2007). 
These authors also reported that elbow extension deteriorated significantly during the five-
year follow-up period in contrast to shoulder and forearm rotation, which remained 
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unchanged. The forearm rotational profile is a reflection of the state of the proximal and 
distal radioulnar joints and the relative functioning of agonist and antagonist muscles. 
Restrictions in active forearm rotation were reported by Sibinski and colleagues (Sibinski 
et al. 2007). Forty-eight out of fifty-six patients (86%) had abnormal (<80○ ROM) active 
pronation, whereas the numbers of patients that had active supination was 36 out of 56 
(64%). Passive movements were better, which was also found in our study data. On the 
other hand, there are good results for the restoration of forearm rotation presented in two 
earlier studies (Zancolli 1967, Manske et al. 1980). We found some degree of an extension 
deficit in 89% and a lack of active supination in 56% of all our patients, which is in 
accordance with the two earlier studies.  
 
Strength: Both elbow flexion and extension strength was markedly reduced in this study 
population. No patients with C5-7 or total injury reached the normal ratio (>0.89) in these 
strength measurements. In C5-6 injury group one patient (2%) had a normal ratio for 
elbow flexion strength and one-third a normal ratio for elbow extension strength. 
According to the statistical analyses those patients with incongruent radiohumeral joints 
and having had a secondary procedure had inferior elbow extension strength. 
 
Radiographs: The pathomechanism of incongruent radiohumeral joints have been 
explained by bone deformation of the ulna and radius in relationship to one another 
(Aitken 1952). In our study the plain radiographs revealed 78 patients (79%) to have 
congruent radiohumeral joints. This prevalence is superior to that for conservatively 
treated patients reported by Aitken (Aitken 1952). That author found 35% of patients to 
have posterior dislocation of the radial head in addition to a bowing of the ulna. In our 
study, patients with a congruent joint had significantly (p<0.001) higher Gilbert scores 
than the patients with incongruent joints with their respective means being 3.9 and 2.2. 
 
5.3 Hand 
 
Functional score (Raimondi classification): A uniformly accepted outcome 
measurement for hand function does not exist, especially when motor function of the hand 
is under evaluation. However, several centers currently use the Raimondi scale. Motor 
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function of the affected hand was significantly better in patients with upper, or combined 
upper and middle type plexus injury compared to those of total palsy: their mean 
Raimondi scores were 4.6, 4.0 and 2.2, respectively. The majority (52%) of the patients 
with total palsy had a Raimondi score of two or less. Our Raimondi scores are lower than 
those published by Smith (Smith et al. 2004), which can again be at least in part explained 
by the low frequency (20%) of lower root repair prevalent in our series. In our study five 
out of 25 patients with total injury that had lower root reconstruction had Raimondi scores 
that were only marginally better than those of the remaining 20 patients. This is contrary 
to the sensation and stereognosis estimations also found in the same group. These findings 
may be explained by the difficulties in reconstruction of the lower plexus, which has been 
reported by many authors (Clark et al. 1905, Birch et al 1988, Bentolia et al. 1999). On 
the other hand, Birch (Birch et al. 2005) and also Haerle and Gilbert (Haerle and Gilbert 
2004) have recently reported reasonable recovery of the hand even after avulsion injuries 
of the lower roots after a mean follow-up of less than seven years.  
 
Range of motion: Changes in hand and wrist movements have been reported only in 
patients with C5-7 or with total injury (Strömbeck et al. 2007). In our patients, limited 
wrist and hand ROM were seen in patients with C5-7 and those with total injuries, as 
expected. However, five out of 51 patients with C5-6 palsy also had some limitations in 
the movements of their wrist or hand joints. These patients also had poorer Mallet, Gilbert 
and Raimondi scores than the mean values obtained from the C5-6 injury group. These 
data indicate that these five patients may have had a more extensive plexus lesion than that 
of an upper root injury, which, in turn, reflects the difficulty in reliably determining the 
extent of the root injury.  
 
Strength: In a recent study, Strömbeck et al. found that grip strength as measured using 
the Jamar dynamometer was abnormal (ratio <0.80) for all 12 patients with total injury 
(Strömbeck et al. 2007). Their finding is in line with that of our series, in which we found 
that no patients with total injury attained the normal predefined ratio (>0.89) either by 
measurement using the Jamar dynamometer or with the Good Strength device. However, 
contrary to their findings for ROM, they also reported that nine out of 41 (22%) patients 
with C5-6 injury had abnormal grip strength. Their finding of 22% with abnormal grip 
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strength is slightly lower than the 34% (Jamar) and 14% (Good Strength) obtained in our 
present study. The differences between our study data and theirs might be explained by the 
more lenient criteria for normal grip strength and perhaps more benign material used in 
their study. Grip strength measurement was better using the Good Strength device 
compared to Jamar dynamometer in our study. This is most likely due to the fixed 
platform of the Good Strength device, which gives support to the arm.  
 
Shoulder, elbow and hand had functional scores (Mallet, Gilbert and Raimondi) that were 
negatively correlated with grip and pinch measurements. Interestingly there was a slightly 
stronger positive correlation of hand strength with the Mallet and Gilbert score than with 
the Raimondi score. A grip strength ratio between the affected and the healthy hand of 
0.61 for C5-C6 injuries and 0.37 for C5-7 injuries was also relatively low indicating that 
good shoulder and elbow function are also important factors for development of normal 
hand strength. Multivariate analysis revealed that avulsion type injury and incongruent 
radiohumeral joint were related with poor outcome for strength measurements.  
 
Sensory function: Sensory function has been evaluated by different methods including 
differentiation of heavy and light touch, testing of the thermal and vibration threshold, 
two-point discrimination and S-W filament testing. Two-point discrimination was 
originally defined as the minimum distance between the two points of a compass at which 
two contacts could be felt (Weber 1835). The pressure applied is not standardized and the 
outcome in different adult studies does vary (Weinstein 1993, Lundborg et Rosén 2004). 
Furthermore, it has been reported that children experience difficulties in understanding the 
principle of two-point discrimination (Lundborg et Rosén 2004). The S-W monofilaments 
test has been shown to be better at detecting sensory changes after peripheral nerve repair 
than the two-point discrimination test (Gelberman et al. 1983, Jerosh-Herold 2003). The 
S-W filament measurement has also been demonstrated to be a simple and pain free test so 
it is especially suitable for use on children (Bell-Krotoski et Tomancik 1987, Thibault et 
al. 1994, Fess 1996). According to this study, sensory function of the hand was highly 
related to the type of injury. In this study, 39% of patients with C5-6 or C5-7 type injury 
had impaired sensation especially on the radial side of the palm. In contrast, the majority 
(76%) of the patients with total injury had abnormal S-W filament findings in at least 
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some ulnar dermatomes and one third of the hands were without protective sensation. The 
difference in the distribution of abnormal filament recordings between C5-6 and C5-7 
injuries compared to total injuries was to be expected. This is because the upper root 
injuries were either repaired, grafted or neurotized in most of the patients regardless of the 
extent of the injury, whereas lower nerve root repair or neurotization in our patients with 
total injury was seldom performed (20%). Comparison with previous reports is difficult, 
partly because sensation as determined by S-W filaments has not been widely used for 
determining sensation in BPBP patients and partly because of differences between the 
study populations per se. However, the reported prevalence of absent protective sensation 
has varied between 0 to 30% in patients with total palsy (Krumlinde-Sundholm et al. 1998, 
Strömbeck et al. 2000, Hoeksma et al. 2004, Smith et al. 2004), which is in line with our 
results.  
 
Stereognosis: Stereognosis implies a combination of sensory and motor function of the 
hand, which is needed to recognize an item without visual perception and mediation. In 
our study stereognosis as assessed by the Moberg-Dellon pick up test, was normal for 91% 
of the patients with C5-6 or C5-7 injuries and 60% for the patients with total palsy. Only 
four (16%) patients in the total palsy group could not recognize any of the six items. Good 
stereognosis in our patients can be partly explained by the fact that only a few patients had 
poor sensation that affected many digital rays. Furthermore, stereognosis also depends on 
the development of central neural connections in addition to the presence of the peripheral 
sensory connections (Bell-Krotoski et Tomancik 1987). These findings are in accordance 
with the reported results of the study by Strömbeck (Strömbeck et al. 2000), in which 
nearly all patients with C5-6 and C5-7 lesions had normal stereognosia compared with 16 
out of 26 patients (62%) with total palsy.  
 
5.4 Lower limbs and spine 
 
Little is known about what effects avulsion type root injuries or a shortening of the 
affected upper limb or altered function of the affected upper limb have upon either the 
development of spinal deformities or upon locomotion. Furthermore, questions about the 
effects of BPBP on the overall motor function of the child are often asked by anxious 
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parents. Our results showed that leg length discrepancy was distributed equally between 
the affected and unaffected sides in our patients. The mean value of an eight millimetre 
shortening did not differ from that reported for the normal population (Morscher 1977, 
Tachdjian 1990). All except two patients, had a deformed shoulder region with an 
abnormal rotation of the scapula. However, it is probable that this does not affect the 
development of the spine, since only two patients in our series also had structural 
scoliosis. Furthermore, the incidence of scoliosis in our BPBP patients was similar to that 
of the normal Finnish adolescent population (Nissinen et al. 2000). This finding is in 
accordance with the recent results of Strömbeck (Strömbeck et al. 2007). However, 50% 
of our study population were under 12 years of age at the time of the follow-up 
examination and therefore still had a slight risk of a later manifestation of scoliosis. The 
unexpectedly high rate of 28% with scoliosis reported by adult BPBP patients in a mail 
survey conducted by Partridge (Partridge et Edwards 2004) is not supported by our 
findings. The data of their study were obtained without clinical and radiographic 
examination. It may be assumed that their results probably reflect only postural coronal 
deformity, which was noted in 36% of patients in our series, too.  
 
Nearly half of the patients (43%) had clearly diminished or completely absent 
synchronous motion of the upper limbs during gait. Abnormal walking was associated 
with low Mallet, Gilbert, Raimondi scores and elbow extension deficit. Moreover, four 
(4%) patients had asymmetry when squatting and 12 (11%) patients had difficulties in 
hopping on their respective affected upper limb side. These findings are probably due to 
the upper limb asymmetry and altered body balance. This issue has not been covered in 
the literature and it has perhaps been forgotten by medical staff. However this is clearly 
obvious in everyday living and may have psychosocial effects on the patient, a possibility 
which has not been too often considered in the literature (Rust 2000). 
 
5.5 Patients’ assessments and activities of daily living 
 
The unaffected hand was dominant except for four patients who had a C5-6 injury with 
good outcome. This finding underpins the previous results by Yang and others (Yang et al. 
2005). The prevalence of left-handedness is estimated to be around 10% in the normal 
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population (Bishop 1980). In the present study the prevalence was 50% and all of them 
had their respective right upper limb affected. Patients with BPBP are susceptible to burn 
and other injuries. This is probably due to restricted range of motion and impaired 
sensation of the hand. Twelve patients (11%) reported burn injuries on the affected side. 
Ten out of these twelve had impaired Raimondi scores and five patients had an absence of 
protective touch. Thirty-nine (35%) of our study group needed help in ADL, which, being 
more than one third, is high considering the average age of 13.5 years at the time of the 
final follow-up visit. The most common reason for impaired ADL was restriction of the 
joints and a weakness of the affected upper limb. Only three patients reported impaired 
sensation to be a reason for needing assistance. As far as is known the need of help in 
ADL for BPBP patients have not been reported previously. 
 
The ability of the patients to swim did not differ from that of the normal Finnish 
population (www.suh.fi, Kuusela 2006). Although, more than 90% of the patients could 
bicycle and cross-country ski, 71% of them reported having problems with these activities 
including swimming. These problems arose either because of muscle weakness or because 
of limited joint motion of the affected upper limb. This underpins the findings of Partridge 
that in BPBP disabilities of such activities are common in adult patients (Partridge et 
Edwards 2004). However, the overall participation in physical activities of these patients 
did not differ from those of average Finnish adolescents (Aarnio et al. 2002, Tammelin et 
al. 2003). The results of the physical activities might have been affected by the fact that 
the ability to bicycle, cross-country ski and swim are somewhat age related. However, we 
found no statistical association between age and reported physical activities. The 
frequency of physiotherapy and that of occupational therapy were not correlated to upper 
extremity function. 
 
In our study 31% of the patients had either occasional or daily pain in the affected upper 
limb. Pain is probably an underestimated symptom among these patients. On the other 
hand, the study by Anand and Birch (Anand and Birch 2002), provide evidence that 
chronic or neuropathic pain was not found in their series of 24 patients. Clavicular non-
union resulting from a surgical approach was one obvious reason for the pain in our 
patients. Osteotomy of the clavicle was routinely performed in order to improve surgical 
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exposure in the early years that this study covered and this was especially so for patients 
with total palsy. Osteotomy was rarely performed during the later years of this study and 
according to current practice it is not necessary.  
 
5.6 Effect of the plexus surgery 
 
The most predictive factor for final outcome found in our study was the extent of injury. 
Our findings are in accordance with those of earlier studies that for the most part showed 
poorer results with global injuries (Strömbeck et al. 2000, Birch et al. 2005, Haerle et 
Gilbert 2004). The type of surgery was closely associated with the extent or type of the 
injury and therefore these covariates could not be included in the same logistic regression 
model. However, in univariate analysis direct neuroraphy (end-to-end repair) was 
associated with better results than either grafting or neurotization. On the other hand, 
Laurent reported slightly better results with nerve grafting compared to those for direct 
neuroraphy (Laurent et al. 1993). However, their patients were two to three months older 
during the time of privation and direct neuroraphy was used in two patients only compared 
with 14 and 18 patients who respectively had undergone nerve grafting and neurolysis. On 
the other hand, Gilbert preferred to use nerve grafting instead of direct repair (Gilbert et 
al. 1991). The mean age of our patients at the time of plexus surgery was young, which 
possibly facilitated end-to-end type repair by neuroraphy because of the small size of the 
child. However, these findings may be skewed by the fact that direct neuroraphy was used 
more often in patients with C5-6 injury (63%) than for those patients with total injury 
(37%). Correspondingly, grafting and neurotization were used more often in patients with 
total injury (41% versus 11%). Comparative studies between different surgical techniques 
for obstetric brachial plexus reconstruction have not been reported expect for one study by 
Capek et al. (Capek et al. 1998) who found better results were obtained by neuroma 
resection and by nerve grafting compared to neurolysis alone.  
 
Experienced surgeons were associated with better results, but a statistical difference was 
noted only for two factors of the correlation analysis: patients had better Raimondi scores 
as measured by univariate analysis, and patients had better key pinch strength 
measurements as determined by multivariate analysis. The experience of the surgeon has 
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been shown to shorten the operation time and probably to improve the final outcome 
(Haerle et Gilbert 2004).  
 
There is a suggestion that sensory and motor hand function can be surgically improved. 
According to Strömbeck and colleagues (Strömbeck et al. 2000) surgical plexus repair 
does not favour hand function and sensibility. In contrast, Anand and Birch (Anand et 
Birch 2002) found better restoration of sensibility in operatively treated patients with total 
palsy. Our results seem to support the findings of Anand and Birch because the five out of 
25 patients with total injury that had lower root reconstruction had better hand function 
than the remaining 20 patients. 
 
Univariate analysis revealed that the patient’s age at the time of surgery was not found to 
be associated with the final outcome. In contrast, multivariate analysis showed that 
patients operated on after three months of age had better results in hand function 
(Raimondi scale) compared with patients operated on before three months of age. Patients 
with total paralysis were generally operated on earlier than patients with some intact 
function in the injured upper limb. However, age at the time of operation did not predict 
later results generally. There is no consensus in the literature concerning the timing of 
obstetric plexus surgery (Gilbert et Mayer 1986, Alanen et al. 1990, Gilbert et al. 1991, 
Laurent et al. 1993, Michelow et al. 1994, Waters 1999, Grossman 2000, Antoniadis et al. 
2008). According to Smith and colleagues (Smith et al. 2004) obstetric plexus 
reconstruction is not justified in patients with isolated absence of biceps function at three 
months of age. Antoniadis recommended plexus surgery at the age of six months 
(Antoniadis et al. 2008). This idea is supported by Strömbeck (Strömbeck et al. 2000) who 
did not find any difference in the final outcome as to whether plexus reconstruction was 
performed before or after the age of six months.  Our results are in accordance these last 
three (Antoniadis et al. 2008, Smith et al. 2004, Strömbeck et al. 2000) studies.  
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5.7 Possible future developments 
 
There remains more to learn about both natural history and treatment of BPBP. Although 
much has been written about the natural history of BPBP, long-term results after 
conservative treatment in respect of extent and type (avulsion versus no avulsion) injury 
and recovery time as estimated by commonly accepted scales could give us a better basis 
for decision making for obstetric brachial obstetrical surgery too. Although many of the 
patients with BPBP recover well, there seems to be indications for plexus surgery for 
certain patients. According to our study, and other recent study data, surgery after three 
months of age seems to be more beneficial in two respects: results of obstetric plexus 
surgery after the age of three months seem to be at least as good as when the operation is 
done before the age of three months, and there seems to be less tendency to include 
children whose innate spontaneous capacity for recovery may exceed that of any benefit 
conferred by surgery. Results of obstetric brachial plexus surgery are better in the hands of 
more experienced surgeons, which should encourage us to concentrate BPBP treatment for 
few specific teams. The indications and timing for late procedures seems to be difficult. 
This could perhaps be helped by strict cooperation by surgeon, physiatrists, and therapists 
in expert specialist centers with a reliable and accurate measurement system although 
these may be more time consuming than the use of descriptive scales.  
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6. Conclusions  
 
By recalling the aims of the present study, the results can be summarised as the following: 
 
1. All, except two patients, had atrophy of the shoulder muscles and hypoplastic cranially 
positioned scapula. Most of the patients had persistent sequelae especially those of 
shoulder function. One-third of the patients reported pain and their subjective estimation 
for their respective affected upper limb was means of 5.2 for function and 6.1 for 
appearance (VAS 0―10).  
 
2. The extent and type (avulsion versus non avulsion) of the injury were the most 
predictive factors in relation to the outcome. Experience of the surgeons was related to 
better Raimondi scores and key pinch strength measurements. Patients with lower plexus 
injury operated on after three months of age had better results for hand function 
(Raimondi scale) compared with those operated on before three months of age. However, 
age at the time of operation did not generally predict the outcome. 
 
3. Good hand function including sensation, strength and stereognosis can be expected after 
obstetric brachial plexus surgery on upper root lesions. One-third of the patients with total 
lesions had; absent protective sensation, absent stereognosis, no grip strength and 
insignificant motor functions of the affected hand, which may lead to burn injuries and 
other injury types. 
 
4. Nearly half of the patients had abnormal gait, mainly because of diminished or absent 
synchronous movement of the affected upper limb. BPBP did not impair normal growth of 
the lower extremities or the spine. However, one-third of the patients had an apparent 
spinal deformity due to asymmetries of their respective shoulders and upper back.  
 
5. Over one-third of the patients needed help with ADL. Although the participation in 
physical activities was similar to that of the normal population, two-thirds of the study 
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group experienced symptoms during every day activities mainly owing to affected upper 
limbs.  
 
6. ROM and strength of the affected upper limbs were severely diminished especially in 
patients with C5-7 and total injury. Active elbow extension (ROM), external rotation 
(ROM) and strength of the shoulder joints were most often diminished. Avulsion type 
injury and incongruency of radiohumeral joint were associated with poor ROM and 
strength measurements.  
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7. Summary in Finnish 
 
Olkahermopunos koostuu viidestä hermojuuresta (C5-C8 ja Th1), jotka lähtevät 
kaularangan alueen selkäytimestä ja hermottavat yläraajan lihaksia ja tuntoa. Lapsen 
olkahermopunos voi vaurioitua synnytyksen yhteydessä, jos hermorakenteisiin kohdistuu 
liiallinen venytys lapsen hartioiden ja äidin synnytyskanavan epäsuhteen seurauksena. 
Olkahermopunoksen syntymävauriota kutsutaan usein Erbin pareesiksi. Erb kuvasi 
vuonna 1874 hermovaurion sijainnin olkahermopunoksen C5 ja C6 hermojuurten 
risteämiskohdassa. Sittemmin Erbin pareesi ja olkahermopunoksen syntymävaurio ovat 
muodostuneet synonyymeiksi arkikielessä; osin virheellisesti, sillä Erbin pareesissahan on 
kyse olkahermopunoksen yläosan vauriosta eikä laajemmasta C5-C7 juurten tai ns. 
totaalivauriosta (C5-C8/Th1). Vaurio voidaan lisäksi luokitella yksittäisen hermon lievästä 
venyttymästä aina sen irtirepeytymiseen selkäytimestä. Vaikeammat hermon repeytymät 
aiheuttavat pysyviä muutoksia hartian ja yläraajan lihasten toimintaan ja raajan tuntoon. 
Lihastoiminnan epätasapaino johtaa nivelten liikerajoituksiin ja virheasentoihin. Joillakin 
potilailla esiintyy myös kipuja yläraajassa.  
 
Suomessa syntyy vuosittain noin 200 lasta, joilla todetaan olkahermopunoksen 
syntymävaurio. Keskimäärin alle kymmenellä vaurio on niin vaikea, että hermopunoksen 
leikkaus on perusteltu 3-9 kk. iässä. Suomessa ensimmäinen vastasyntyneen/ imeväisen 
olkahermopunoksen korjausleikkaus tehtiin vuonna 1971. Vasta 1980-luvun aikana 
leikkaushoito vakiintui ja samaan aikaan julkaistiin korjausleikkauksesta myönteisiä 
tuloksia. Toistaiseksi ei ole julkaistu yhtään epidemiologista, väestöön pohjautuvaa yli 
viiden vuoden seurantatutkimusta. Mahdollisia kasvun myötä kehittyviä ja aikuisikään 
vaikuttavia pysyviä haittoja ei ole voitu arvioida aikaisemmissa tutkimuksissa lyhyiden 
seuranta-aikojen vuoksi.  
 
Tutkimuksen tavoite oli saada kattava käsitys Suomessa leikattujen potilaiden nykyisestä 
tilasta sekä selvittää hoidon lopputulokseen vaikuttavia tekijöitä. Pyrin saamaan 
tutkimukseen kaikki ne potilaat, joilla seuranta-aika olkahermopunoksen 
korjausleikkauksen jälkeen oli yli viisi vuotta. Potilaita oli yhteensä 124, joista 
tutkimukseen osallistui 112 (90%). Seuranta-aika leikkauksesta oli keskimäärin 13,5 
vuotta, pisimmillään 31,5 vuotta. Potilaiden vaurioituneen puolen yläraajan toiminta, 
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lihasvoimat, nivelten liikelaajuudet ja käden tunto tutkittiin ja näistä saatuja 
mittaustuloksia verrattiin terveeseen raajaan. Vanhemmat kysyvät usein, vaikuttaako 
hermovaurio mahdollisesti muutenkin lapsen kehitykseen. Tätä asiaa selvitettiin tutkimalla 
potilaiden selän ryhtiä, alaraajojen ja kävelyn mahdollisia poikkeavuuksia, liikunnallista 
aktiivisuutta ja kipujen esiintyvyyttä. Osalla potilaista vamma oli niin vaikea, että 
päivittäisten asioiden hoito oli hankalaa. Päivittäisistä askareista selviytymistä arvioitiin 
kyselytutkimuksella. 
 
Noin puolella potilaista olkahermopunoksen vaurio sijoittui kahteen ylimpään 
olkahermopunoksen hermojuureen (C5-6), vajaalla kolmanneksella kolmeen ylimpään 
(C5-7) ja neljänneksellä kaikkiin hermopunoksen hermojuuriin (totaalivaurio). 
Kolmasosalla koko tutkimusryhmästä todettiin hermojuuren irtirepeytymä selkäytimestä. 
Leikkaukset tehtiin keskimäärin kolmen kuukauden iässä. Leikanneita lääkäreitä oli 
kymmenen, joista kaksi oli tehnyt yli puolet kaikista leikkauksista. Yleisin toimenpide oli 
hermoarven poisto ja hermojen päiden yhdistäminen toisiinsa joko suoralla ompelulla tai 
alaraajasta otetulla hermosiirteellä. Reilun 13 vuoden seurannan aikana 63 potilaalle 
tehtiin raajan korjausleikkaus, joista yleisimpiä olivat olkanivelet liikelaajuutta 
vapauttavat leikkaukset.  
 
Potilaan kätisyys määräytyi vahvasti vamman mukaan - vain neljällä potilaalla kätisyys oli 
vaurioituneella puolella. Vammautunut raaja oli keskimäärin 6 cm tervettä raajaa 
lyhyempi. Olkanivelen aktiiviset liikkeet olivat rajoittuneet noin 50% terveeseen puoleen 
verrattuna ja noin 30% kyynärnivelen ja käden liikelaajuuksien osalta. Potilaat, joilla 
vaurio käsitti koko olkahermopunoksen, liikelaajuus oli tätäkin huonompi. Näistä 
potilaista noin kolmasosalla käden puristusvoima oli nolla.  
 
Havaitsin saman jakauman potilasryhmien välillä myös tuntomittauksissa. Potilaista, joilla 
oli kahden ylimmän hermojuuren vaurio, kolmanneksella havaittiin poikkeava tunto. Sen 
sijaan potilailla, joilla oli todettu koko hermopunoksen vaurio, poikkeava tunto oli kaksi 
kertaa yleisempää. Tahattomia vammoja, kuten palovammat, estävä suojatunto puuttui 
jopa kolmannekselta näistä potilaista.  
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Kolmannes kaikista potilaista tarvitsi apua päivittäisissä askareissaan, kuten 
pukeutumisessa ja ruoan paloittelussa. He harrastivat kuitenkin liikuntaa yhtä paljon kuin 
saman ikäiset terveet henkilöt, mutta suurella osalla (71%) vammautuneen puolen 
yläraajan heikkous tai liikerajoitus aiheutti ongelmia. Yli puolet (56%) tutkituista oli 
saanut fysioterapiaa seurannan aikana. Kolmannes potilaista valitti kipua joko 
leikkausalueella tai yläraajassa.  
 
Tutkimukseni mukaan olkahermopunoksen syntymävaurio ei aiheuttanut muutoksia 
potilaiden selän tai alaraajojen kehitykseen. Kaiken kaikkiaan laajempi vaurio, yksittäisen 
hermon irtirepeytymä selkäytimestä ja leikanneen kirurgin kokemattomuus heikensivät 
lopputulosta.  
 
Olkahermopunoksen syntymävaurio on suhteellisen harvinainen vamma. Sen vaikeampi, 
leikkausta vaativa muoto aiheuttaa pysyvän haitan, vaikka varhaisvaiheen leikkaus 
onnistuisikin. Vaikeiden vaurioiden keskittäminen 1-2 yksikköön Suomessa 
todennäköisesti parantaisi hoidon tuloksia ja potilaiden elämänlaatua. 
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